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1.                            INTRODUCTION 
This research study is a combination between two 

(2) study field that is medical (ACL) and engineering 
(image processing). Embedded were used to as a 
medium to process MRI and identify ACL region. As 
for identification ACL object, used to classify level of 
injury patient suffer. An embedded system is a 
computer system with a dedicated function within a 
larger image processing system, often with real time 
analyzing anterior cruciate ligament (ACL) magnetic 
resonance image (MRI) constraints. It is embedded as 
part of complete software often including MRI and three 
(3) embedded system, which is Matlab 2012 b, Python 
2.7 and Open CV 3.0. Processing image using all three 
(3) embedded system with same algorithm and method. 
 

Combination between medical and engineering 
technology could lead into new perspective. Image 
processing used to analyze the MRI, several techniques 
such as adjust contras, filtering, image conversion, and 
etc. applied to the image. Feature extraction technique 
could provide the data from the processing image and 
explain level of ACL injury. 

 
2.                               BACKGROUND 
 a. Knee Injuries Diagnosis System 

There are several types of diagnostic techniques in 
classifying the types and conditions of knee injuries. 
Currently, the method used is diagnostic tests. The 
medical expert uses one or more tests to determine the 
nature of a knee problem. In most cases, patients are 
given a primary diagnosis based on their medical 
history, physical examination, and imaging or other 

procedures. There are several steps or process in 
determining the ACL diagnosis system. The process 
starts with a medical history, where the patient’s history 
is reviewed for further action. 
 
b. Python 

Python 2.7 is one of the mediums used to analyze 
MRI. It is a popular, general purpose, multi paradigm, 
open source and scripting language. It is designed to 
emphasize code readability and has a clean syntax with 
high-level data types. C-language is used as 
programming code, it is suited for effectiveness of 
processing ACL MRI and quick prototyping, while 
being powerful enough to write large applications in. 
Identification of ACL region is suitable since this 
medium is an open source, reference can easily get and 
minimum required storage. 
 
c. Matlab 

Matlab R2012b is widely used in all areas of applied 
image processing and mathematics algorithm. Matlab 
process software mechanism is built up around vectors 
and matrices. The software particularly useful for linear 
algebra, it is also a great tool for image processing 
image in series. Matlab graphic tools and can produce 
efficient pictures in both two-dimensional (2D) as 
required from ACL image. It used C- programming 
language and is one of the easiest programming 
languages for writing mathematical programs. Besides 
that, Matlab also has some toolboxes for signal 
processing, optimization and analyzing ACL MRI. 
Matlab also built in routines that enable a very wide 
variety of computation binary and grayscale signal. 
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d. Open CV 
Open CV 3.0 is an open source computer vision 

library in C language and it is optimized for real time 
ACL MRI processing application. Feature required from 
Open CV is image data manipulation that is feature 
extraction and basic image processing. It is functioning 
by matrix and vector manipulation linear algebra 
routines of process MRI. Since the medium is an open 
source, reference is easily to get and library source is 
compiled. The library is cross-platform, and runs on 
Windows, Mac OSX, Linux, PSP, VCRT (Real-Time 
OS on Smart camera) and other embedded devices. 
 
3.                   MATERIALS AND METHODS 

An intelligent diagnostic system for detection of 
ACL tear and classification is applied in this research. 
For this research, the study on the ACL knee injury is 
the most important and crucial part in detecting and 
classifying the type of knee injury. The process flow 
involves all three phases mentioned earlier. 
 

Firstly, the process starts with raw magnetic 
resonance (MR) image captured by radiographer at 
imaging department in Hospital Taiping. Then image 
processing, which involve processing steps of resizing, 
cropping, adjusting contrast, average filter, threshold 
and binary conversion. The processes continue with 
image segmentation. These phases involve steps of 
inversion binary image, dilation, binary threshold 
erosion and feature extraction. The process involved in 
the development of the knee injury system is shown in 
Fig 1.0 (a) and (b) show algorithm flowchart of basic 
image processing and image segmentation using three 
(3) programming medium that is Open CV 3.0, Python 
2.7 and Matlab R2012b. 
 

 
(a) 

 

 
(b) 

 

Fig 1.0: (a) Basic image processing (b) Image segmentation. 

4.                                 RESULT 
All anterior cruciate ligament (ACL) magnetic 

resonance image (MRI) undergo two (2) phases, which 
is image processing and image segmentation. The input 
image from early process of basic image processing was 

raw MRI produced from imaging department at the 
Hospital Taiping. The raw image size is approximately 
28 000 bytes, dimension of 437 x 500, color space is 
grayscale and color profile is generic gray gamma 2.2. 
(Fig-2.0) show raw image of normal ACL MRI. 
 

 
 

Fig 2.0: Raw image of normal ACL MRI. 
 

The image segmentation process input image from 
basic image process phase. The segmentation processes 
continue up to final result. Figure 3.0 (a) (b) and (c) 
show result for process ACL raw image, whereby 
undergo phase of basic image processing and image 
segmentation discussed in methodology. 
 

 
 

Fig 3.0: (a) Open CV, (b) Matlab R2012 b and (c) Python 2.7. 
 

According to the image from figure 3.0 (a), (b) and 
(c) clearly show the ACL segmentation has some 
differences in shape, but same in size. This is due to 
interruption of unwanted signal (noise) occurring in 
ACL region. Method using by each medium is same but 
the syntax and process is different. Therefore, the 
variety of filtering unwanted signal is wide open 
depending on process used. Computer did not 
understand any of the images, converting image from 
figure 3.0 into summation binary pixel is required to 
identify the difference. Table 1.0 show summations of 
pixel occur at ACL region and figure 4.0 indicate 
comparison graph between Python 2.7, Matlab R2012 b 
and Open CV. 
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Table 1.0: Data for normal ACL a) Matlab b) Open CV c) Python 
a) 

Matlab 
Normal ACL 

Column Total Pixel Average pixel 
1 (1 - 24) 5842 254 

2 (25 - 48) 4991 217 
3 (47 - 72) 4600 200 
4 (73-96) 4186 182 

5 (97 - 120) 4002 174 
6 (121 - 144) 4600 200 
7 (145 - 168) 4830 210 
8 (169 - 192) 4347 189 
9 (193 - 216) 4416 192 

10 (217 - 240) 5060 220 
11 (241 - 264) 4600 200 
12 (265 - 286) 5658 246 

 
b) 

Open CV 
Normal ACL 

Column Total Pixel Average pixel 
1 (1 - 24) 5865 255 

2 (25 - 48) 5497 239 
3 (47 - 72) 5336 232 
4 (73-96) 4899 213 

5 (97 - 120) 4554 198 
6 (121 - 144) 5267 229 
7 (145 - 168) 5520 240 
8 (169 - 192) 5543 241 
9 (193 - 216) 5083 221 

10 (217 - 240) 5865 255 
11 (241 - 264) 5083 221 
12 (265 - 286) 5750 250 

 
c) 

Python 
Normal ACL 

Column Total Pixel Average pixel 
1 (1 - 24) 5865 255 

2 (25 - 48) 5313 231 
3 (47 - 72) 5060 220 
4 (73-96) 4600 200 

5 (97 - 120) 4554 198 
6 (121 - 144) 4600 200 
7 (145 - 168) 4830 210 
8 (169 - 192) 4600 200 
9 (193 - 216) 4830 210 

10 (217 - 240) 5060 220 
11 (241 - 264) 5520 240 
12 (265 - 286) 5865 255 

 

 
 

Fig 4.0: Comparison graph for normal ACL 

Based from figure 4.0 show different graph based on 
three (3) different programming mediums that is 
Matlab, Open CV and Python. From the data plot, 
Matlab present clear differentiation between ACL 
region and background. As for python and open CV 
indicates normal distribution due to noise occur in the 
background of the image. 
 
5.              DISCUSSION AND CONCLUSION 

According to this research study, Matlab R2012b is 
the suitable medium used for this research project. 
Characteristic contain in Matlab R2012b which can 
extract noise embed with background and eliminate it. 
As for Python and Open CV, does not have any specific 
syntax for extracting noise. In advance, different 
programming medium indicate different suitability of 
application. From the result, comparison data between 
those three (3) mediums and patient history made by 
medical expert show Matlab R2012 b has the most 
accurate decision of processing. The precision indicate 
of 95%  (Matlab) , 93.8 (Open CV) and 94% (Python). 
 
REFERENCES: 
Ball, H., (2016). “Current Diagnostic & Treatment in 
Orthopedics”, 4th edition, large medical books, CA: 
McGraw-hill. 
 
Beynon, B. D., P. Renstro, Konradsen (2012). 
“Validation of techniques to measure knee  
proprioception”. Proprioception and neuromuscular 
control in joint stability. Champaign, Journal of Human 
Kinetics. 
 
Blamire, A. M., (2010). “The technology of MRI”. The 
British Journal of Radiology, 81. Anatomy of the Knee, 
Southern California Orthopedic Institute]. Available: 
http://www.scoi.com/kneeanat.htm [Accessed: 6 Oct. 
2013]. 
 
Chang, C. Y., H. T. H. Wu, T. F. Huang, H. L. Ma,  S. 
C. Hung, (2014). “Imaging Evaluation of Meniscal 
Injury of The Knee Joint”: A Comparative MR Imaging 
and Arthroscopy Study. Journal of Clinical Imaging, 
Vol. 38. 372-376. 
 
Clinical Correlations, (2007). “Will the Vein Viewer 
Make the Blind Stick a Historical Footnote”[Online] 
Available: http://www.clinicalcorrelations.org. 
[Accessed January 28 2014]. 
 

Crawford, R., G. Walley, S. Bridgman, N. Maffulli, 
(2007). “Magnetic Resonance Imaging Versus 
Arthroscopy in The Diagnosis Of Knee Pathology”, 
Concentrating On The Meniscal Lesions And ACL 
Tears: A Systemic Review Oxford Journal, British 
Medical Bulletin, Vol. 84, No.1, 5-23. 

Comparative Analysis of Embedded Systems for Anterior...                                                                                                                                      149 



Gabler, C., (2014).”Injuries of the Anterior Cruciate 
Ligament (ACL)”.The state of the art. Journal of 
European Surgery, Vol. 36.No. 1, 4-12. 
 
Gonza, lez-Arjona D., G. Lo´pez-Pe´rez, A. Gustavo 
Gonza´lez, (2012). “Non-linear QSAR modeling by 
using multilayer perception feed forward neural 
networks trained by back-propagation,” Journal of 
Artificial Intelligent, Vol. 56, 79-90. 
 

Gudodagi, R., (2013). “Segmentation of Acl in Mri 
Images”, International Journal of Engineering and 
Computer Science, Vol. 2 Issue. 2132Pp 
 

Gupta, P., H. Agarwa, (2012). Signs of ACL tear on 
MRI- Resident's Corner, Sumer’s Radiology Site, 8th 
Feb. [Online]. Available:  
http://sumerdoc.blogspot.com/2012/02/signs-of-acl-tear-
on-mri-residents.html [Accessed: 17th Jun. 2013]. 
 

Hanusch, H. P., (2005). “Digital Image Processing 
Using Matlab”. Institute of Geodesy and 
photogrammetry, Journal of Image Processing, ETH 
Zurich, 1-63. 
 

Intajag, S., R. Chatthai, V. Tipsuwanporn, (2008). 
“Retinal Image Enhancement by Index of Fuzziness in 
Multi-mode Histogram”. Control Automation and 
Systems, 2008. ICCAS 2008.International Conference 
on, 14-17.  
 
Jay, G. I., K. F. Sarah, E. Y. Ellen, R. C. Dawn, (2008). 
“Epidemiology of Knee Injuries Among Boys and Girls 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

in US High School Athletics”. US School Athlete’s Site, 
8th Feb. [Online]. Available: http://us school  
thlete’s.blogspot.com/2012/02/signs-of-acl-tear-on-mri-
residents.html [Accessed: 25th Jun. 2013]. 
 
Jeffrey, S., P. T. Laor, A. Judy, (2005).“MRI of 
Anterior Cruciate Ligament Injuries and Associated 
Findings in the Pediatric Knee: Changes with Skeletal 
Maturation”. American Roentgen Ray Society, Pediatric 
Imaging. Journal of Clinical Injury, original research, 
Vol. 185, 756-762. 
 
Kai, Jow T., C. Hongsen, J. Ching-Chuan, (2014). 
“Research Article Magnetic Resonance Imaging Of 
Anterior Cruciate Ligament Rupture”. BMC 
Musculoskeletal Disorders. Journal of Biomed Central, 
Vol. 5, No. 21, 1471-1474. 
 
Kevin, J., M. D. O'Shea, (1996). “The Diagnostic 
Accuracy of History, Physical Examination, and 
Radiographs in the Evaluation of Traumatic Knee 
Disorders”. Anylyze knee injury of ACL.Study.Journal 
of knee ACL injury, Vol. 12, 321-373. 
 
Liang, S., Z. Christopher, N. Mar, (2012). “Automatic 
Three Label Bone Segmentation”. Department of 
Computer Science, University of North Carolina. British 
Medical Bulletin, Vol. 84. 76-82. 
 
Lior, S., (2009).“Knee X-Ray Image Analysis Method 
for Automated Detection of Osteoarthritis”. Journal of 
Biomedic Eng. Vol 35. 543-458. 
 
 
 

M. Z. AYOB et  al.                                                                                                                                                                                                  150 


