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Filtering of the skin portion on lung ultrasound digital images to facilitate automatic diagnostics of pneumonia

I. INTRODUCTIÓN
NEUMONIA is the world's leading cause of child mortality, (1.4 million deaths/year) in children under five (UNICEF 2013).

It is usually diagnosed based on x-ray images and laboratory/clinical examination. This depends on trained medical professionals who are scarce in rural communities in developing countries.

In recent studies, thoracic echography has also been proved as an adequate approach to diagnose pneumonia in children. Unfortunately, due to its high cost, low portability, and the necessity to have a human expert to interpret the echographic images, thoracic echography is not feasible to be used in rural regions like the Andean highlands where pneumonia affects to several children.

In this study we show the first step related to image processing, of a specific algorithm of pattern recognition to detect lung consolidates as evidence of pneumonia in children.

This step includes the filtering of the skin portion in a lung echographic ultrasound digital image, to reduce noise and favor the correct interpretation for pneumonia diagnostics.

II. METHODOLOGY: SKIN REMOVAL FILTER

We collected lung-ultrasound images from 23 children under 5 years old (15 with diagnosis of pneumonia and 8 healthy children). These children were examined at the Hospital del Niño in Lima -Peru. Lung ultrasound images (Figure 1) were obtained from a standard medical screening using a SONIXTOUCH ultrasound system with the probe L14-5/38 (Ultrasonix, Brithish Columbia, Canada). An expert physician analyzed the recorded videos. Frames with clear evidence of pneumonia, as well as frames with no evidence of pneumonia were classified as positive or negative respectively. These frames were analyzed to filter the skin portion in order to facilitate the diagnostics of pneumonia.

The removal of skin and other elements not involving the lungs is transcendental for pneumonia identification based on ultrasound images. This is because image areas corresponding to both the epidermis and muscle tissue do not contribute to any extent the subsequent P imaging analysis and processing. With this goal in mind, we have developed a method, which focuses on high-value pixels (values greater than 100, color depth of 8 bits in grayscale), which are concentrated in the upper region of lung ultrasound images obtained from an ultrasound scanner. The high concentration of high-value pixels in certain regions is because sound waves emitted by the ultrasound scanner are mostly reflected in highly-dense areas. Particularly, bones have a high density of matter; therefore sound waves are reflected whenever they reach the bones, generating dark areas in the ultrasound image. In lung's echography, ribs are represented as relatively broad and parallel dark areas. The image regions corresponding to intercostal spaces contain medium-intensity pixels; which are grouped into nearly parallel lines (called 'A' lines), and transversal to ribs. These lines depict the attenuation of sound waves once they traverse the pleural line (highintensity line on top) and go deeper into the human chest. The pleural line is a membrane that entirely covers the lungs; and consequently appears as the upper boundary of the dark zone. Since the pleural line is not as dense as bones, part of the sound wave is transmitted beyond the membrane, while another part is reflected, generating an echo which is represented as the medium-intensity lines as one can see in Figure 1.

Having described the structure of the image (Imxn), we apply a filter to remove all noise caused by both the epidermis and muscle tissue. For this purpose, the first step is to apply a binarization process of the image under a certain threshold (U0). The resulting matrix Bmxn represents the binarized image on which all future transformations are performed.

……… (1)

Afterwards, analysis units are set within the image. These are rectangular regions with a height equal to that of the original image (m), and a width (n'=n/d) which is adjusted depending on the results. These regions sweep the entire image along its width.

……… (2)

Each analysis unit (

), has been divided into two subsections: and , corresponding to the top and bottom of respectively.

…. (3)

Once these subsections are defined, the total contribution of the pixels within the upper (SUz) and lower (SDz) subsections is calculated. ……… (4) ……… ( 5)

……… (6)
The error function is defined as the norm of the difference between the contributions of the two sub regions (

). We seek a point at which this difference is less than a certain threshold , while keeping similar contributions from both sub regions. For this reason, the boundary between the two regions moves along the image height. Moreover, most ultrasound images display shadows at their lower part, and therefore the boundary dividing the subsections tends to move towards the top.

is conserved where k=1, 2, 3, …, d These steps are performed in the entire width of the image. The pixels' locations that satisfy the condition set for our error function are stored in a variable as it is shown below:

With these data, it is possible to obtain a profile of the pleural membrane and then make an adjustment of these points to a line. The points of the fitted curve are stored in a variable From these data, we locate the region above these points, which corresponds to the noise generated by the epidermis, muscle and other tissue. Once the first step is applied, we focus on encapsulating regions containing 'A' lines. For this, we apply to each pixel of the image an intensity-dependent transformation , that transforms intensities from the range [low in, high in] to the range [low out, high out]: …….. [START_REF] Patrícia | Temporal trends of overall mortality and hospital morbidity due to diarrheal disease in Brazilian children younger than 5 years from 2000 to 2010[END_REF] With the image obtained after the transformation , we proceed to its binarization with a new threshold U1.

……. (8)

We continue on the binarized image with a morphological operation called close method . This operation allows us to smooth the contours and eliminate small holes in the image . The B'' image is obtained by closing the image by the structural element : = = ... (9) The closing operation can be further decomposed into erosion and dilation operations. Specifically, it is defined as the erosion of by , followed by a dilation of the previous result with , as it is shown in equation (Eq. 9).

Where the erosion operator is defined as:

…. (10)

Likewise, the dilation operator is defined as:

.. (11)

The image (Figure 3 (a)) looks to emphasize the homogenizing objects located in the image. Subsequently, edge detection of the objects contained in the image is performed, by applying the Sobel method:

….. ( 12)

From the image (Figure 3 (b)), an structural element of rectangular shape is defined, with height equal to 5 pixels and width equal to that of the original image , which will be define the boundaries of the 'A' lines. The locating our structural element C will depend on criteria found from the same ultrasound image. If image has the presence of pixels with high-intensity value in the deepest area, the structural element will be located between the bottom of the pleural line and the deepest area (pleural line X is taken according to approach detailed above). But, in the opposite case, the location of the structural element will be in the top third of the image from the pleural line X'. Once the structural element (C) is located, the average of pixels values of all columns (n) is calculated:

…….. (13)

Then we store both initial position as the end of each different neighborhood of zero vector in a new vector . With the above result, we extract these regions in the image, resulting from the extraction a first approximation, the noise of the skin, and these regions would conform our new set .

The last step is performed on each element of the set. It consists to define an object of width equal to that of each set member and height equal to 5 pixels. This object sweeps the area between the bottom of the curve to the pleura to some degree of depth .

….… (14)

This step is obtained from an adjustment in the location of the pleural area the resulting image is shown in Figure 4 

Evaluation:

44 frames (20 with evidence of pneumonia and 24 with no evidence of pneumonia, classified by the human expert), were analyzed with our algorithm to remove the skin portion. In addition, for all the 44 frames, the human expert removed the skin portion manually. Using software of image edition, the human experts manually draw the pleural line that limits the skin portion. From each frame, the central section between the acoustic shadows from the rib was considered for the analysis.

The pleural line obtained by the algorithm was compared with the pleural line manually drawn by the human expert.

III. RESULTS AND DISCUSSION

For 43 of the 44 frames, the pleural line estimated by the algorithm was very close to the pleural line draw by the human expert. The mean quadratic error was 11.17 pixels (min= 7.17, max=13.67, STD=1.57). In all these cases the estimated pleural line was over the manually draw line. Therefore, in any case the algorithm erroneously removed evidence of pneumonia. In one frame, the estimated pleural line appeared more distant (mean quadratic error =76.37 pixels) from the manually draw. This estimated line appeared closer to the skin surface, due to noise intense lines in the skin portion.

The resulting images obtained after applying the specific processing described here are characterized for containing regions with high intensity that could either be the normal "A-lines" (Figure 1) observed in healthy lungs or pneumonia. The encapsulation and preservation of these regions play a significant role in our algorithm. We found that the presence of the ribs, which are irregular areas, makes difficult the identification and correct removal of skin and other tissues, which is the primary objective in this work.

The methodology presented here, corresponds to a sequential programming algorithm rather than an objectoriented programming (OOP) architecture. The improvement of the programming architecture is an objective that we plan to develop in the future.

One aspect to highlight in the development of the code is the threshold establishment for the binarization process ( ), the module ( ), and the top of our structural element . These values were manually optimized through the multiple tests executed at each stage of code. Further studies for automatic optimization are planned to be conducted.

IV. CONCLUSIONS

 The digital noise associated to the skin and external tissues upwards the ribs present in ultrasound images of lungs, was significantly removed by our algorithm.  The elimination of the skin portion in lung ultrasound images facilitates the interpretation and positively contributes in automatic recognition of pneumonia.  This method could be the starting step for automatic recognition of lung consolidates during the diagnostics of pneumonia in children based on lung ultrasound images.

Figure 1 :

 1 Figure 1: Typical lung's echography

  Figure 2 (a) shows both point sets: the first set or collected data X (yellow dotted line) is obtained from the error function ( ) applied to all subsections ; and the second is the curve corresponding to the straight line (red dotted line), that best fits the previous collected data. (a) (b) Figure 2: (a) Location of the boundary points, (b) Removing the skin on the image and replace it with pixels equal to 0

Figure 3 :

 3 (a) Aplication close on the image B', (b) Aplication edge detection on the image B''

Figure 4 :

 4 (a) Extraction of the pleural zone, (b) Image without skin Following the steps already discussed, we obtain the location of the pleural line, and consequently, it is possible to remove of the noise generated by the skin, muscles and other tissues (Figure 4 (b)).
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