
  
 

  
Abstract-- The axillary brachial plexus nerve block provides 

excellent surgical anesthesia for the elbow, forearm, and hand. By 
using the ultrasound scanning technique, researchers can identify the 
location of the axillary artery during the surgery and perform clinical 
analysis on physiological effect of nerve block by measuring the 
diameter of the axillary artery. However, manual assessment and 
measurement of the ultrasound image can be inaccurate, restricted to 
intra and inter observer variability and time consuming. The objective 
of this paper is to increase the resolution of the image to propose a 
precise axillary artery diameter measurement method by wiener filter. 
The resolution of images are compared by using Weiner, Frost and 
followed by anisotropic diffusion filters. Manual thresholding is 
applied to the image and followed by level set segmentation. The 
precision of the artery measurement before and after the image 
processing techniques is gauged by evaluating the standard deviation 
of the diameter parameters. The findings show that the measured 
diameter of processed image has smaller standard deviation of 0.019 
mm as compared with original image of 0.045 mm. The study 
concludes that the processed image can clearly indicate the location 
of the axillary artery. 
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I.  INTRODUCTION 
HE brachial plexus nerve controls the nerve network from 
throat to the upper limb. After the brachial nerve passes 

through neck and shoulder, its three cords are divided into 
numerous terminal nerves. Some of these nerves, namely, 
musculocutaneous, median, ulna, radial and axillary nerve 
serve as vital element in the nerve block and supply the 
sensory and motor innervations to the whole upper extremity 
[1]. 

A nerve block or regional anaesthesia is an injection of 
anaesthetic precisely adjacent to a major nerve by using a 
needle of length between 1.5 inches to 6 inches. The 
anaesthetic will stop the innervations supply from that point to 
the terminal end of the nerve. Surprisingly, a block may not be 
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adjacent to the targeted area but can cause everything 
"downstream" from where the block was performed to be 
numb. The regional nerve block is different from general 
anaesthesia. General anaesthesia is a widely known practice 
and involves the injection of the anaesthetic directly to the 
body area where the effect of anaesthetic is partially required, 
making it more localised. Besides, the general anaesthetic will 
have a shorter period of effect as compared with nerve block 
and is a less effective anaesthesia method [7]. 

Both magnetic resonance imaging (MRI) and computed 
tomography scanning (CT scan) produce clear anatomical 
images of the brachial plexus [8] and CT scan takes only about 
5 minute for completion. But these two techniques are 
expensive and inaccessible to the operating room [2], making 
it unsuitable for nerve block anaesthetic procedures. 
Moreover, CT scan exposes patient to the risk of radiation, 
causing harm and damage to body tissue if it is not handled 
properly.  

Fluoroscopy is another alternative to the MRI and CT scan. 
However, it provides excellent visualization of bony 
landmarks instead of nerve and blood vessels. Moreover, the 
contrast dye spreads near to the neurovascular bundle within 
the plexus sheath. These shortcomings make fluoroscopy a 
less favourable visualization method in the nerve block 
technique. 

Ultrasound, on the other hand, is non-invasive, portable, 
and moderately priced [3] modality. The ultrasound transducer 
emits high frequency sound waves (ranged between 1 to 5 
MHz) into subject body and travel back to the transducer. The 
reflected waves are relayed to machine and have their distance 
from probe to tissue or organ and back to probe calculated. 
During the scanning process, no radiation hazard has been 
exposed to the patient and it is easy to be used by the clinician 
[9]. The scanning process normally takes a moderate duration 
of 10 to 15 minutes. 

Due to the versatilities of ultrasound scanning, ultrasound 
guided plexus brachial nerve block has been gaining 
popularity as the preferred nerve block surgical scanning 
technique in medical anaesthesia field. Ultrasound scanning is 
conducted at the axillary region before and during the nerve 
block procedure is carried out by the anaesthesiologist. The 
transducer is situated strategically at the armpit region to 
detect the axillary artery, which provides guidance for needle 
insertion [10]. 

There have been many well established medical researches 
which are conducted to study the advantages of the ultrasound 
guided nerve block. A study by Schwemmer [11] concluded 
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that axillary brachial plexus blocks have a higher success rate 
when using ultrasound scanning instead of nerve stimulation. 
Chan [11] showed that there was no increase of success rate 
with the addition of nerve stimulation. Another study by 
Casati [11] has claimed that the sensory block performs faster 
with ultrasound.  

The axillary artery is classified as large and elastic blood 
vessel but has a smaller diameter than axillary vein. The 
axillary artery carries the oxygenated blood to the thorax, 
axillary and upper limb region of human body. The axillary 
vein is larger than the axillary artery, as shown in fig. 1, and 
can carry more deoxygenated blood than axillary artery. 
Axillary vein is located superior to the axillary artery. The 
axillary vein has valve along the way in order to prevent 
possible reverse flow of the deoxygenated blood. 

 

 
Fig. 1 Axillary artery (A) and axillary vein (V) 

 
The determination of the axillary artery location is an 

important element before the ultrasound guided axillary nerve 
block procedures because the ulna, radial, median and 
musculocutaneous nerves are located surrounding the axillary 
artery. The median nerve is located superficial and slightly 
cephalic to the artery, the radial artery is located deep to the 
artery and the ulna nerve is located cauded to the artery [1]. 
By locating the axillary artery, anaesthesiologist can insert the 
needle fill with anaesthesia (to prevent air bubble) to the 
surrounding area of the targeted nerve.  

Previous studies have measured axillary artery diameter 
using ultrasound image because the variations of the axillary 
artery diameter serves as a significant clinical parameter for 
assessing the effect of the nerve block on the blood pressure 
on the axillary artery, the changing pattern of blood flow 
affected by the various volume of anaesthetic during nerve 
block procedure [12] and arterial stiffness [13]. A similar 
clinical research has been conducted on the effect of the 
median nerve block on the radial artery diameter and peak 
velocity. The study concluded that there has been obvious 
increase in the peak velocities after the nerve blockage has 
been carried out [14]. Although the ultrasound technique has 
been championed as the better option compared to other 
scanning techniques, the ultrasound images have shown 

limitation in providing clear visualisation of the location of 
axillary artery since the ultrasound images are contaminated 
by the speckle noise and artefacts [15]. The presences of noise 
and artefacts cause taking measurements manually from the 
ultrasound images lacks persistency.  

The unwanted muscle, soft tissue and fatty cysts can be 
easily scanned in axillary region but the axillary artery and 
vein is difficult to be located precisely. Sometimes the 
ultrasound transducer exerts pressure on the axillary blood 
vessels, causing the collapse of the blood vessel and creates 
confusion for the inexperienced sonographer. As a result, 
assessing the ultrasound image may rely heavily on training 
and experience of the sonographer and can lead to the lacking 
accuracy. 
 

 
Fig. 2 Soft tissue and muscles of axillary region 

 

 
Fig. 3 Obscure axillary artery and vein image 

 
Thus, technical image processing plays significant role in 

providing reliable visualization and assessment for the 
anaesthesiologists, sonographers and researchers. Some 
common practices in processing the ultrasound images include 
smoothing the image to reduce speckle noise using filters, 
applying the edge detection method to preserve the lines and 
edges of the image objects and segmentation methods to retain 
the desired image object and eliminate other unwanted 
elements. The smoothing process removes the contaminants 
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from the ultrasound image by using filters to single out high 
frequency components. Common filters in smoothing 
ultrasound image include Gabon filter, median filter, Lee 
filter, Kaun filter, and Wiener filter. The loss of signals 
information has been the main concern when smoothing the 
ultrasound image. 

A study on the performance of various filters such as 
Anisotropic diffusion filter, Wavelet filter, Kaun filter, Weiner 
filter, Median filter and Lee filter has shown that noises have 
been reduced considerably in the ultrasound image of this 
experiment and the Wavelet filter showed a greater 
significance in clearing the image’s noise [6]. Another study 
by Su and Seung [15] concluded that the wavelet filter has 
been a better filter than Wiener filter since the wavelet filter 
showed superior edge and feature selectivity in passing certain 
high frequency data. Another experiment by Vanithamani, 
Umamaheswari and Ezhilarasi [16] showed that Lee filter has 
been batter than Kaun and Frost filter while the median filter 
was the worst among the filters compared.  

Segmentation improves the phases of measurement and 
diagnosis by segmenting the image to show only wanted 
image characters [4, 6] and using edge detection to outline the 
shape of the image objects. However, all these processing 
methods need to be tested by trial and error to evaluate the 
outcome of each method in searching for the best processing 
techniques combination. Several segmentation techniques 
have been explored in previous studies. The most celebrating 
region based image segmentation model was developed by 
Mumford and Shah [5]. The shortcoming of this technique lied 
with difficulties in numerical computation [5]. An approach 
has been introduced by Ambrosio and Tortorelli but their 
segmentation algorithm failed to produce an efficient 
segmentation result on images with noise, artefacts, and faced 
the problem of losing image information [5]. Another 
segmentation method, Snake or Active Contour Models failed 
to prove as an effective segmentation system given this 
method required the help of user to initiate the snake [24].   

In a similar study on improving the brachial artery diameter, 
Vincenzo [13] has proposed the use of a system to analyse the 
ultrasound image based on a robust edge detection algorithm. 
However, manual intervention was still a necessity in case the 
contour tracking algorithm was not performing. The 
morphological method is a segmentation method which 
separates the image object from the image background and 
refines the shape of the object [17]. This image processing 
technique highlights the importance of geometry structure in 
removing the background image by applying the 
morphological theory [18]. 

The objective of this project is to measure the diameter of 
the axillary artery diameter by using enhanced ultrasound 
image for its precision. No study has been carried out on the 
precision of the diameter parameter of original and enhanced 
images before. The standard deviation will be used as a gauge 
for the measurement consistency. However, the final result 
may not be significantly reliable enough due to the limited 
number of subject and images. 

II.  METHODOLOGY 
In this project, a Toshiba 8 MHz linear transducer has been 

utilised. Transverse plane scanning is chosen as this plane 
gives the best view of axillary brachial plexus region. The 
ultrasound scanning machine uses the 2D B mode scanning to 
collect the axillary images and one subject has been selected 
to do the scanning. We have tested various filters to smooth 
the images and the image’s peak signals to noise ratios 
(PSNR) are calculated. After that, Otsu’s method and manual 
thresholding are tested to segment the image. Diameter of 
artery before and after enhancement are measured and 
compared. 

 

Image Acquisition 

Image Smoothing

Thresholding

Morphological 
Process

Level Set 
Segmentation

Inversion

 
Fig. 4 Methodology block diagram 

 

A.  Image Acquisitions 
Ultrasound scanning gives graphical visualisation of the 

plexus brachial nerve, axillary artery and vein, fatty cysts, soft 
tissue and muscle. The subject is asked to lay with the arm 
abducted to 90 degree and the elbow flexed to 90 degree. The 
head of the subject should turn away from the side to be 
blocked. Subject is required to avoid abduction of the arm to 
facilitate palpation of the axillary arterial pulse and prevent 
stretching of the brachial plexus. 

 

 
Fig. 5 Example ultrasound image of axillary region 
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Fig. 5 shows the example ultrasound image of the axillary 
region. As the image is blur due to the presence of speckle 
noise, assessing the image may be time consuming and 
subjective. Thus, pre-processing methods are implemented so 
the noise of this image can be minimised and make it more 
appropriate to be analysed. 

 

B.  Image Smoothing 
Three types of filters have been tested in this experiment, 

namely Frost filter, Weiner filter and anisotropic filtering to 
smooth the high frequency speckle noise because these filters 
can be applied and controlled easily [19]. The definition of 
speckle noise is shown in equation below [16]: 

 
                            (1) 

 
After the image is obtained, two criterions are calculated 

for evaluating the quality of the images. The first criterion is 
mean square error (MSE). The mathematical definition of 
MSE is defined as below [26]: 

 

        (2) 
 
The peak signal to noise ratio (PSNR) is measured for each 

of the filtered image. The PSNR measures the level ratio of 
the maximum signal power to noise power. The definition of 
PSNR in decibel scale is shown as below: 

 
                       (3) 

 
A higher ratio PSNR implies signal exceeds noise, 

indicating a better image quality. The smoothing process 
should be able to improve the PSNR ratio but preserve the 
edges in the smoothed image [20]. 

 
i.  Frost Filter  
Frost filter is originally derived to smooth the radar images 

contaminated by multiplicative noise. The Frost model 
develops the functional form of the minimum mean square 
error (MMSE) filter by utilizing locally estimated parameter 
values and maintains the edge structure. A localized value 
calculated based on the distance from the filter center, 
damping factor and local variance is utilized to substitute the 
pixel value of the image. The Frost filter is defined by the 
formula below: 

 
                         (4) 

 
This filter model is easy to be computed [25] and useful for 

improving angular edges but proved unsuitable for improving 
curved structures [21]. 

 
ii.  Wiener Filter  
Wiener filter assumes the signal and the noise are 

stationary linear stochastic processes and their spectral 

properties are explicit. By gauging minimum mean square 
error (MMSE) as the performance criterion, Wiener filter de-
convolves the image according to the variance of the local 
image to an estimation of the desired noiseless image. The 
filter’s formula in frequency terms is expressed as below: 

 
         (5) 
 
Since matched filtering methods fail to eliminate the 

amplitude errors and inverse filtering cannot be applied 
practically, the adaptive low pass Weiner filtering scheme is a 
better smoothing technique and is more selective in maintain 
edges than linear filter [22]. 

 
iii. Anisotropic Diffusion Filter  
Anisotropic diffusion is a generalized process of the linear 

and space invariant transformation of an original image. The 
anisotropic diffusion filter convolves the input image with a 
2D isotropic Gaussian filter, and during this diffusion process, 
the width of the filter will increase with the parameterized 
image. The anisotropic diffusion filtering scheme is proposed 
by Perona and Malik in 1987 and a discrete version of the 
Perona-Malik’s Diffusion (PMD) is defined as shown in the 
equation below [23]: 

 
           (6) 

 
 

C.  Image Segmentation 
Morphological process is performed to retain only the 

desired region of the image. In this project, Otsu’s 
thresholding and manual thresholding are tested to threshold 
the images. Otsu’s method transforms the grey level image 
into binary image by using the histogram shaped based image 
thresholding [24].  

During the implementation of this transformation, the 
image and histogram are assumed to be bimodal and 
stationary. No spatial coherence is applied in the Otsu’s 
method. Minimizing the weighted within-class variance is 
emphasis in order to achieve an optimum threshold value. The 
definition of the individual class variances are shown as 
below: 

 
                      (7) 

 
                     (8) 

 
In the Otsu’s thresholding, the threshold is defined as 

weighted sum of weighted within-class variance, which is 
defined as below: 

 
                 (9) 

 
The total variance, which is constant and independent of 
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time, is equal to the sum of the within class variances and the 
between class variance. Minimizing the within class variance 
is the same as maximizing the between class variance 

 
 

                   (10) 
 
The second attempt to threshold the images manually by 

selecting a suitable threshold value through trial and error. The 
grey scaled images contain 256 levels and all pixels below 
threshold value are replaced by black background. After the 
threshold process, the binary image will undergo inversion 
where the back and white pixel will be inverted to show the 
axillary artery and vein in white pixel for the ease of 
measurement in the coming part of this project. The 
experiment combines the erosion and dilation in the opening 
process. 

During the opening procedure, the function smooth object 
contours, breaking thick connection and remove thin 
protrusions. During opening procedure, object smaller than the 
structuring element will disappear. During closing procedure, 
smoothed object contours join narrow break, fills long gulfs 
and holes smaller than the structuring element.  

The level set segmentation has been applied as the 
segmentation method after the morphological process. Level 
sets represent the image object curve with an implicit surface 
on the pixel grid without the application of mind blogging data 
structures. 

III.  RESULT 
Fig. 6 shows the original axillary region ultrasound image 

before being processed. The low-intensity circular shaped 
regions are axillary artery and vein. The smaller and lower left 
of the circular shaped region is the axillary artery and the 
larger upper right circular shaped region is the axillary vein. 
Surrounding the axillary artery are the muscle, soft tissue, 
fatty cysts and axillary nerve, which are shown in the white 
pixel in the sample ultrasound image. 

 

 
Fig. 6 Original image of axillary brachial plexus 

 
From the obtained image, it shows that the image is 

contaminated with speckle noise. From the left side of the 
image, we can see the anechoic artifact caused by pocket of air 
during between the transducer and the subject. If the artifact is 
larger, it will cause difficulty in finding the location of axillary 
artery and vein. 

 

A.  Filtered Image 
Three types of filters are used to improve the quality of the 

axillary region images. Images are input into MATLAB 
R2009b for the filtering process. 

After the implementation of anisotropic diffusion filter, the 
image, shown in Fig. 7(a) indicates close-interrupted lines of 
the vessels after filtration. Besides, the filter reduces the noise 
and keeps edges of the vessel boundary. Fig. 7(b) shows 
reduction of noise by using Frost filter. Fig. 7(c) shows most 
of the edge and the structure of the vessels is preserved and 
speckle is removed by using the Wiener filter. 

 

 
 

     
(a) (b) (c) 

Fig. 7 Images after filtration by using (a) Anisotropic Diffusion filter, (b) Frost filter and, (c) Wiener filter 
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Table 1 Quality measurement of image with different filters; 
MSE = Mean square error; PSNR= power signal to noise ratio. 
 

Filter Type MSE (%) PSNR (dB) 
Frost 6.1474 16.1785 
Wiener 0.0006 56.0915 
Anisotropic 0.0070 45.6288 
 
 
The performance of the three filters tested in this 

experiment has been gauged by using the MSE and PSNR. 
Table 1 shows the wiener filter has higher power signal to 
noise ratio (PSNR) and lowest mean square error (MSE) 
compared to anisotropic and frost filter. Wiener filtered image 
has better performance than the anisotropic and frost filter.  
 

B.  Image Threshold 
The manual threshold converts grayscale images into 

binary images of all three filters. The results are shown in Fig. 
8. The objective of manual thresholding is to isolate the 
vessels from the surrounding by selecting suitable threshold 
value. Different values are manually chosen by trial and error. 
The suitable threshold value of vessels using different filtered 
images is 0.3. A comparison has been made by using Otsu’s 
method. The results are shown in Fig. 9. It is concluded that 
the vessel is not isolated completely and there is no clear 
boundary of the artery as there is still some noise persists 
when using the Otsu’s method. Thus, the manual thresholding 
is selected from the two thresholding methods. Although 
Wiener filter shows better filtering effect, the processed 
images after segmentation show anisotropic diffusion filtered 
and manual segmentation are the best combination of pre-
processing technique in this experiment. 

 
 
 

     
(a) (b) (c) 

Fig. 8 Image after manually threshold value (a) Anisotropic Diffusion filtered image, (b) Frost filtered image and, (c) Wiener 
filtered image 
 
 

     
(a) (b) (c) 

Fig. 9 Image after Otsu’s method (a) Anisotropic Diffusion filtered image, (b) Frost filtered image and, (c) Wiener filtered 
image 
 

C.  Morphological Operation 
The image is inverted after the segmentation method, 

which is shown in Fig. 10(a). Fig. 10(b) shows the image of 
artery and vein after repeating step of opening. The first step 
use radius less than 5 pixels by opening it with the disk-shaped 
structuring element while last step use ball-shaped structuring 
element with radius of 15 and height of 5. 

The opening is a combining of erosion followed by dilation. 
It can remove white are around the line of the vessel with 
black regions. The artery and the vein shape become 
smoother. The size of artery region had been separated from 
other region. 
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(a) (b) 

Fig. 10 Image of artery and vein after morphological operation 
(a) Inverted image (b) Opening image 
 

D.  Level Set Segmentation 
Fig. 11(a) show the image of artery that is specified for 

initial contour region for level set method. Using level set 
method it exploit the fact that curves moving under their 
curvature smooth out and disappear, so the larger white area of 
axillary vein disappear and only show the axillary artery. 

  

  
(a) (b) 

Fig. 11 Level set segmentation (a) Initial contour region of 
artery (b) Interest region of artery after segmentation. 

 
After segmentation, the diameter of the axillary artery is 

measured. Five trials are carried out on five different images. 
The mean and standard deviation are calculated for the results 
obtained from images before and after being processed. 
 
Table 2 Diameter measurements of axillary artery from 
original ultrasound images. 
 

No of 
trial 

Original 
Diameter 
(mm) 

Mean 
(mm) 

Standard  
Deviation 
(mm) 

1 21.17  
 
21.17 

 
 
0.045 

2 21.23 
3 21.10 
4 21.15 
5 21.20 

 
Table 3 Diameter measurements of axillary artery after the 
images undergo the processing methods. 
 

No of 
trial 

Final 
Diameter 
(mm) 

Mean 
(mm) 

Standard  
Deviation 
(mm) 

1 8.99  
 
8.99 

 
 
0.019 

2 9.02 
3 8.97 
4 8.98 
5 9.01 

The standard deviation results in Table 2 and Table 3 shows 
that images after processing technique can improve the 
precision of the diameter measurement since the standard 
deviation before standard deviation stands at 0.045 mm while 
after processing the image, the standard deviation falls to 
0.019 mm. Furthermore, the large difference between these 
two set of data shows that soft tissue and muscle may be taken 
into calculation when measuring the axillary artery diameter 
from the unprocessed images. 
 

IV.  CONCLUSION 
In this project, the locations of the axillary artery and vein 

have been shown clearly after the image undergoes through 
the anisotropic diffusion and morphological process. After 
that, measurement of the axillary artery diameter before and 
after the image processing procedures indicate that the latter 
can produce more precise axillary diameter parameter for 
researches on physiological effect of nerve block. As a result, 
the diameter parameter can further improve the accuracy of 
related clinical studies. In the future, the study should 
concentrate on expanding the subject numbers and obtaining 
optimal threshold values for the segmentation method. The 
motivation of this recommendation is to increase the reliability 
of the study and preserve as much as possible important 
information of the ultrasound image during the processing 
procedures. 
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