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Abstract. The simultaneous flow of gas and liquid in a pipe is commonly found 
in several industrial activities, such as crude oil extraction and processing. In 
order to analyze this (two-phase) flow, many measurement techniques have 
been proposed, including X-ray, ultrasound, impedance and optical measure-
ment. In this context, although the high speed videometry use is limited in  
practical cases, it is an important tool to validate other methods in experimental 
essays. Approaches based on image segmentation have already been considered 
to analyze gas-liquid flows along vertical pipes, but just a few have focused ho-
rizontal experiments, which are also widely found in many applications. This 
article describes a new technique developed to automatically measure the bub-
ble volume through video analysis. The tests carried out considering horizontal 
air-water flow images yielded results with good correlation with known volume 
data, thus showing that the measurements are accurate enough to be considered 
for the validation of other technologies.  
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1 Introduction 

Gas-liquid two-phase flows are present in a wide range of industrial cases, including 
food, nuclear, aerospace, geothermal and petroleum industry. In these cases, such 
flows are typically constrained to pipes or vessels and may have an important role in 
determining the safety and efficiency of the plant processes [1]. Thus, detailed infor-
mation about flow behavior under controlled conditions with accurate non- or minim-
al intrusive measurement techniques is essential for flow modeling and prediction.  

The measurement and imaging of two-phase flows have received much attention 
recently. Several techniques have already been used and developed to analyze the 
phenomena in two-phase flow, including high-speed videometry [2], capacitive 
probes [3] and ultrasound [4], X-ray tomographic imaging [5] and impedanciometry 
[6].  High-speed videometry offers many interesting characteristics for laboratories 
essays, such as non-invasiveness, advances in instrumentation technology and signal 
processing algorithms [7]. Image processing techniques also constitute a powerful 
tool to study the two-phase flow phenomena, being typically non-intrusive and rela-
tively simple to design and implement. To separate the different substances (phases) 
flowing inside the pipe, filtering [2] and wavelets [8] have been applied. Although 
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many works have addressed vertical applications, just a few studies have been done in 
horizontal cases [9].  

In this paper, we propose an algorithm to automatically extract quantitative infor-
mation of air bubble volumes from high-speed camera acquisitions in horizontal two-
phase flows. The obtained images are processed using mathematical morphology 
operations and the watershed transform. The obtained results have shown to be accu-
rate when compared to known volume data and, thus, can be considered for the vali-
dation of other technologies. 

2 Experimental Setup 

The experimental loop (Fig. 1), located in the Thermal Sciences Laboratory (LACIT) 
at the Federal University of Technology - Paraná (UTFPR), is able to produce differ-
ent flow patterns of air and tap water mixtures. In this paper, we consider only the 
slug pattern, which has as main characteristic the alternation between bubbles and a 
liquid region between them. This intermittent regime has large bubbles, called Taylor 
bubbles [7]. 

The horizontal acrylic pipe has an internal diameter of 26 millimeters and is 9 me-
ters long. The water flow rate is independently measured through a Coriolis flow me-
ter for water.  The air is provided by a system that controls the exactly gas volume 
before the mixing entrance. In the tube exit, a separator/reservatory expels the air to 
the atmosphere and store the water. 

 

Fig. 1. Schematic representation from the experimental plant 

The control of the temperature of the phase, as well as of the pressure of the two-
phase mixture at the entrance and in the measurement point is made by a host computer 
connected to sensors via Foundation Field Bus. In such a way, it is possible to measure 
the total air volume at the video images based on the difference between the pressures 
measured at the pipe entrance and at the measurement position, as defined by Eq. (1): 

2211 VPVP =                                  (1) 
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where P1 and P2 denote the pressure in the entrance and in the measurement position and 
V1 and V2 represent, respectively, the volume (in m³) of the gas-system input (which may 
vary for each measurement) and of the position where the sensors are placed. 

The two-phase flow images were acquired using a high speed camera (NanoSense 
MKIII, Dantec Dynamics A/S) at a resolution of 320x500 pixels and with a frame rate 
of 60 Hz. A 140 μs exposure time was chosen to avoid blurry images. A rectangular 
transparent acrylic box (200 mm x 100 mm x 100 mm) filled with water was used to 
better match the refraction indices of the water and the acrylic pipe, thus reducing 
light refraction in the pipe borders. A strong and pulsed illumination source was 
placed 100 mm behind this acrylic box. The light source contains 19 high light bright 
leds (MotionLEDs – IDT). To ensure an uniform illumination all over the test section, 
a diffuser was placed between the light source and the acrylic box. 

A total of 10 injection volumes, repeated 10 times, have been measured by the 
high-speed camera. For each experimental condition, an air volume were injected in 
the pipe at a constant liquid flow rate set up to 1911.34 l/h. The measurements were 
stored over 10 seconds, time enough to acquire the gas passing the test section. The 
proposed methodology was implemented using the MatLab plataform, due the great 
number of functions already available for statistics and image treatment. The running 
time to process all data (9,6x109 pixels) was 2 hours and 42 minutes on an Intel Quad 
Core 2 i7 (@ 2.66 GHz) with 6 Gb of RAM memory and running Windows 7 64 bits. 

3 Image Segmentation and Bubble Detection 

In a morphological framework, considered in the approach proposed in this paper, 
gray-scale image segmentation is typically implemented by first extracting markers of 
the significant structures, and then using the watershed transform to extract the con-
tours of these structures as accurately as possible.  

Intuitively, the watershed transform can be defined as a flood simulation, where an 
image is seen as a topographical surface whose pixel values correspond to the elevation 
at that point, as illustrated in Fig. 2(a). The flooding process starts with the water filling 
markers such as the image minima (or "valleys"). When the flooding of two minima 
met, a dam is built to identify this boundary, allowing segmentation of objects in differ-
ent regions [11]. Fig. 2 (b) shows the top view of the image after watershed treatment.  

 

 
 

Fig. 2. (a) 3D view of the watershed performance after the H-minima transform (b) Top view of 
the same landscape after flooding process 

(a) (b) 
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However, image extrema (frequently used as markers in the watershed transform) 
can correspond to insignificant structures or noise, conducing to the over-segmentation 
problem. To prevent it,  image extrema are usually selected according to some criteria, 
such as contrast, area and so forth. A typical approach consists on considering the h-
maxima (h-minima) transform to suppress all image maxima (minima), whose contrast 
is lower than a specified value h, and use the extended extrema as markers [10]. 

Fig. 3 depicts an example. The watershed transform is applied to the original high 
speed camera image (Fig 3(a)) considering a set of extended extrema as markers, 
yielding the segmentation shown in Fig. 3(b). Since the test images correspond to the 
slug flow pattern, we can assume that the main air volume is found in the Taylor bub-
ble body. Thus, we mark as interest regions only that with a segmented area larger 
than 4 % of the total frame surface, as illustrated in Fig. 3 (c).  

Observe that the algorithm may also mark regions that correspond to the gap be-
tween dispersed bubbles, which does not contribute significantly to the total air vo-
lume. To avoid this problem, we discard all regions that are not in contact with the 
right or left boards of the image. Also note that small parts of the main bubble may be 
segmented separately. In order to still consider these areas, the software assigns the 
regions connected to the main bubble as part of the resulting segmentation, as pre-
sented in Fig. 3 (d). 

 

 

Fig. 3. Detection of bubbles borders based on the watershed transform segmentation results 

Based on this procedure, it is possible to determine the bubble edges and, further, 
the bubble nose coordinates, thus allowing the volume computation, as described in 
the following. 

(a) 
 
 
 
(b) 
 
 
 
 
(c) 
 
 
 
 
(d) 
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4 Bubble Volume Calculation 

To approximate the bubble volume, it is necessary to build a panoramic image. One 
example is illustrated in Fig. 4.  

 

Fig. 4. Gas bubble reconstructed from 8 frames acquisition and marked with bubble nose, tail 
and mean high coordinates 

To perform this task, the images used in the test section are subjected to a recon-
struction process, which takes into account the velocity of the bubble to join the 
frames and produce the panoramic image. The velocity of image data can be 
computed based on the difference between the nose frames cordinates, as defined  in 
Eq. (2).  

 .( ).( )P
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where UB is the bubble nose velocity (meters per second), ΔKP is the difference in 
pixels between the K position on the considered frames (pixels), ΔP is the number of 
frames showing the bubble nose (frames), PS is the pixel size (meters per pixel) calcu-
lated by dividing the field of view length by the number of horizontal pixels in the 
frame and FR is the frame rate (frames/second). 

Using the image segmentation approach detailed in Section 3, it is possible to esti-
mate the bubble height, denoted here by h. This parameter is illustrated as the hig-
hlighted segment in Fig. 5. 

 

Fig. 5. Determination of bubble frame area where d is the pipe diameter, h is the air bubble 
high 
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The angle θ (rad) from the arc can be found using the Eq. (3):  

 2
2arcsin 1

h

d
θ  = − 

 
 (3) 

where d (meters) is the diameter from the pipe and h (meters) the height of gas column. 
After computing the circular segment shape, it is assumed that the bubble has the 

same format from the beginning to the end. Then, the approximate bubble volume is 
calculated as shown in Eq. (4).  
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(4) 

where d (meters) is the diameter from the pipe, n is the number of the pixels in the k 
axis that compose the bubble and V (m³) the bubble volume. 

We emphasize that this method is an approximation for the regular shape of bub-
bles and only works for horizontal flows, where the gravity forces the gas bubble at 
the top of pipe. 

5 Results and Discussion 

Fig. 6 shows the bubble volume results obtained using the proposed approach com-
pared with the correct reference volume from gas injection system considering a ±10% 
error boundaries. One can notice a video treatment tendency to decrease the real bubble 
volume in around 10 %. This can be explained due the fact that small dispersed bub-
bles may be not detected by the computer algorithm. 

 
Fig. 6. Bubbles volume comparison between High Speed Camera and know amount of air 
mixed to the water 
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6 Conclusion 

The operation principle of image treatment was reviewed, as well as the steps for 
extraction of air flow volume based in the high speed videometry data. We have de-
veloped and tested an algorithm for bubble segmentation in gas-liquid flows based in 
the watershed transform and on mathematical morphology operations. Subsequently, 
derived parameters such as bubble size and velocity distributions can be obtained. The 
develop technique obtained satisfactory results for bubbles volume measurements 
when compared with the real values, validating the proposed algorithm.  
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