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Abstract:  

This research proposes a system that incorporates the golden ratio and Yolo 

algorithm for face analysis for plastic surgery. The system employs MATLAB to 

recognize faces and work out the geometric loci associated with the golden ratio. 

This data can help surgeons decide on the parts of the face that require 

augmentation. The system also uses a custom Yolo algorithm-based model to 

identify burns and scars on the facial area. This model recognizes features in 

pictures of burns and scars to tell the pattern of scarring present and its severity. 

The system comes with a unique technology for the preparation of a PDF report, 

aimed at surgeons, containing facial characteristics, golden proportions and a 

certain amount of scars. The experimental results reveal that the system 

successfully detected 95% of the facial features and calculated the golden ratio 

while 90% of the scars and burns were identified. This system provides an accurate 

and customized solution for plastic surgery. 
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1. Introduction 

The Golden Ratio, a concept that is often seen in nature, is commonly used for evaluating the 

dimensions of different objects. This is because it appears that a great many things in Their Mother 

Nature seem to conform to this Ratio and which are pleasing to the eye. Other than macro 

perspectives, like gold-on-the-skin ratio estimation, this ratio can also be applied for estimating the 

proportions of various geometric points on face such as eye Distance, Nose, Lips, and chins. 

Roughly equal to 1.618. Although it is debatable and ought to remain subjective with regards to the 

role of the golden ratio when analyzing a human face, it’s worth noting that people who design 

aesthetically astute visual compositions such as artists and architects have utilized them for centuries. 

The ratio of the scalpel is equally employed in plastic cosmetic surgery to enable the patients’ faces 

to be proportioned and casted on the ratios making it more symmetrical. 

Φ = 
1+√5

2
  ;  Φ = + 1.618033      (1) 

Φ = 
1−√5

2
  ;  Φ = - 1.618033      (2) 
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1.1. Objective of the Study 

Thus the main objective of this study is that of explaining how to evaluate facial features that are 

carved out from the golden ratio and the extent of scars and burns. The study is constructed to 

develop a system that would, with a high degree of accuracy, help in assessing facial symmetry and 

areas of the face that have been bruised and scarred by bonfires. 

In this regard, the specific goals of the study are as follows: 

Create algorithms that derive the value of the golden ratio with respect to facial features: The goal of 

the present study is to develop some algorithms that would calculate the golden ratios of various 

elements of the face e.g., facial width, the nose, and the eyes. These algorithms will be used to 

measure the extent of facial symmetry in relation to the golden ratio. 

Employ YOLO object detection method to extract facial features: The study seeks to use the YOLO 

algorithm in extracting critical elements of the face such as the eyes nose and mouth from facial 

images. This will help the system in pinpointing and examining those facial portions that have been 

pertained with burns and scars. 

Test the system using precision-recall and F1 confidence curves: An objective of this research is to 

determine the effectiveness and accuracy of the system which has been developed for the automatic 

evaluation of facial features including the assessment of burn and scar severity. This will involve the 

evaluation of the system outputs against the gold standard which in this case are medical 

professionals. 

Define restrictions instead of limitations and propose measures that may challenge the current 

system: Within the scope of the study, the authors intend to examine any constraints or difficulties 

faced during the design or practical application of the developed system. Following from these 

results, the work will outline directions for future study and recommendations for improvement of 

system’s precision and reliability. 

2. Literature Survey 

Mathematicians have proposed the application of golden ratio in the evaluation of facial features’ 

proportions and symmetry. It is believed that the Golden Ratio, also referred to as the divine 

proportion, exists in many things in nature and is considered beautiful by human beings. 

[1]Sharma et al. (2012) in their study focused on measurement of specific areas of the face, 

determination of facial symmetry and defining if the golden ratio was present in the facial features 

among the subjects. The author noticed that the golden ratio occurred in all the facial features of the 

subjects which mean the golden ratio is an element of constituents of the symmetrical features of a 

face. [2]M.J. Fink (2010) the author investigates the relationship of craniofacial interplay shape 

asymmetry and attractiveness. To begin with this subject they propose the idea of the importance of 

symmetrical features in head shapes in relation to their attractiveness and state that instead of 

symmetry sometimes asymmetry might be more important. The paper provides a suggestion that 
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suggest that the evaluation of the features of the face having certain asymmetrical characteristics 

which deviate from the golden ratio is appropriate. 

In the same breath, the authors showed that individuals with the most symmetrical faces had the most 

golden ratio in the various features that make up the face. The research points to the need and 

importance of having a ratio within the face through which symmetry is achieved. 

Some findings of the study may be useful in the area of cosmetic surgery since the golden ratio 

would act as a reference point for best proportion and symmetry in the face. 

Countless times, the use of Golden Ratio especially in the Arts and Aesthetics field has raised 

eyebrows. One such question was raised by 3Mario Livio (2004). He begins by introducing golden 

section which is about a ratio of 1.618 present in all forms of elements and aesthetically applied 

across different disciplines such art, architecture and design. Then give several historical evidences 

of the application of the golden section in art including ancient greek art and renaissance period art. 

There were many proponents and opponents of the use of Ratio, including the belief that it would 

engender a feeling of harmony and balance to the viewer, and the rebuttal that ratio driven designs 

are rather simplistic and limiting in nature. 

The notion of the golden ratio transcends beyond art and mathematics. There is evidence that 

suggests the presence of psychology in aesthetics, wherein the golden ratio impacts how the brain 

interprets beauty. There are scientific findings that suggest the human brain might have a natural 

affinity for certain patterns and ratios that resemble the golden ratio. 

2.1. Scope of the Project 

The goal of this project is to create a standalone system for the analysis of facial plastic surgery with 

the aid of the golden ratio and the You Only Look Once algorithm. The goal of this project is to 

create facial surgical analysis from both the golden ratio and You Only Look Once algorithm. It will 

process images to detect human faces, pull out facial features, and estimate geometric locations of 

the golden ratio on people’s faces. 

We will employ the YOLO algorithm embedded in the system to identify facial defects including 

scars and burns. A dataset of images will be used to teach this algorithm so as to differentiate the 

various types of burn patterns and scars to assist in surgery planning. 

A custom YOLO-based algorithm will be developed from the ground up in order to recognize and 

locate facial burns and scars. The model will be trained on a variety of images, to enhance its 

reliability and applicability in realistic situations. 

3. Limitations 

Before The use of the golden ratio in the evaluation of the ideal facial elements has received its fair 

share of support and dissent. This area of concern has been raised because some researches have 

shown that it is possible to establish the golden ration with certain ideal facial components but such 

views have little practical applications. 
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As we pointed out earlier, the gold ratio should not be centralized as the only measure of beauty and 

aesthetics today as there are vast differences in features of the average face across populations. Some 

populations may have their ideal aesthetics proportion quite different from the golden ratio. In 

addition, explaining the human face from the perspective of a single ratio, it should be understood, is 

a gross simplification, as every part of this figure is beautiful in its own way and brings a certain 

harmony to the entire composition. 

In addition, some experts argue that using the golden ratio when assessing faces can be considered 

too subjective and biased. Different researchers may select different distinctive points and 

measurements? Which will lead to discrepancies in the results? This means that the results derived 

from facial analysis using the golden ratio as the basis can be distorted by the individual’s perception 

and subjective interpretation. 

In short, even though there are certain revelations concerning the facial beauty standards depicting 

the use of the golden ratio that worth our attention, it is not a set standard and can sometimes be 

inaccurate owing to the nuanced and varied aspects of the face. Nonetheless, for some people – and 

perhaps in some situations – it may help explain or even describe idealized relationships between 

facial features, for example. 

Another aspect that is worth pondering about is the fluidity regarding the determinants of beauty. 

The demarcation knives which cut out which features are considered beautiful are shifted due to the 

passing of time and cultural differences, as well as due to the impact of media and fashions. In this 

case, what is beautiful or fostering an aesthetic sense in one instance may not be the case in other 

instances. This positions the displacement of the golden ratio as a relativistic approach in the pursuit 

of universal beauty for the face further. 

In addition, how one perceives beauty is overlain by mathematical factors but is not restricted to the 

mere proportions of facial features. Other variables including but not limited to facial symmetry, 

quality of skin, and even the facets of one’s face are equally as important in the formation of these 

beliefs. This complexity suggests that the mathematics of beauty ought not to be reduced to a single 

ratio, since such a proposition overrides real understanding and appreciation of beauty within the 

social context. 

The golden ratio or phi may indeed be useful when calculating the proportions of the face with 

respect to its various parts, but it should not be taken as the ultimate yardstick of beauty and should 

always be complemented with other aspects. The Golden Ratio does not determine beauty but offers 

a perspective to comprehend the complexities of facial beauty. 

4. Recommended Solution 

In order to accomplish the goal of analyzing facial aesthetics utilizing the golden ratio, a few 

components multiplied by the requirements of the system have to be met. First, the system needs 

adequate and reliable devices for the computation of facial ratios and some other features. 

First, the system needs to have precise techniques for measuring facial ratios and features. The 

system assists in the accurate and reliable measurements of the ratios and facial features, relying on 

the capabilities of the computer along with Image Processing Toolbox for Matlab. The system starts 
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with the acquisition of a face image taken with a camera or with the help of image file selection. In 

the next step, face detection and cropping is accomplished with the help of the Matlab. This avoids 

using data analysis for the entire image. 

According to the standard proportions, the areas of the eyes, the nose, and the mouth, which are the 

key facial regions, is obtained from the cropped face image. The technical described let identifying 

and extracting these attributes that are of importance in the computation of the required golden 

proportion based ratios. 

For the above objective, the system employs three main analyses, which are intended to know how 

well the features of facial proportions conform to the golden ratio. First, the ratio of the maximum 

span of the head from one ear to the other, to the width of the nose is determined. Secondly, the 

hairline and the chin are connected by the vertical length, which can be divided into thirds with the 

middle third being the optimum, shortest in length. Last measurement includes a distance between 

the eyes and that of the distance of one of the eyes, and this ratio hopefully should also be close to 

1.618 – exactly the amount which the golden ratio promises to be. 

Results obtained within the system are displayed in a rather unusual way first, a photograph of a face 

is taken and then corresponding grids that concentrate on the golden ratio and its appropriate areas 

are placed on the image. As such, people are given an easy way to upload, view and analyze images, 

and interact with the application. 

First off, ‘the Camera’ was created to take pictures of people orienting the frame/ take-off point 

around the person’s face, which shot is frequently referred to as a headshot. Alternatively, the user 

can upload an image by specifying the source. There will be three types of analyses performed with 

this photo and these are the explanations. 

4.1. The Golden Ratio of the Face 

The Golden Ratio of the Face may be determined by employing the Image of the user. To begin with, 

an image is inputted in the system, and the face is located on the image which is combined with an 

algorithm called Face Landmarks, which automatically detects the corresponding points on the user’s 

face. Based on these anatomical features, the Facioscopic Points, Euclidean distances are calculated 

Facioscopic Points. The Golden ratio is derived from these resulting ratios. However, it should be 

emphasized that the system should consider variations in the features of the facial structures of 

individuals. This can be achieved by integrating user and cultural aspects into the interpretation of 

the data and finalizing the results through multiple evaluations and comparisons. Lastly, the users of 

the software and new developments in the area of facial recognition should influence the 

enhancement of the system. 

4.2. Face Burns and its Segmentation Mask 

 The system has to efficiently differentiate out the burnt region from surrounding normal tissue. This 

is achieved through the YOLO Algorithm. YOLO such as this one can help locate areas of the face 

that have been burned as well as estimating how severe facial burns are. 
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The system is in a position to accurately identify and classify the degree of injury upon training the 

YOLO model on a dataset of faces with varying levels of burn injuries The analysis provided 

through use of data or images with the help of a model is a very efficient concept employed by the 

researchers. 

YOLO in the analysis of burn severity has several advantages compared to traditional methods. First, 

YOLO lets you perform analysis and diagnosis in a real time since it is much quicker than 

conventional image processing techniques. On top of that, YOLO has exhibited remarkable speed 

and accuracy hence it is dominant in many object detection benchmarks. Lastly, assets to the fact that 

YOLO is a complete system, most analytic and classification works are automated requiring 

minimum human intervention. 

Such alterations were truly scored as “Low” “Severe” “Serious” depending on severity scale which 

was in regard to Detected Deformation, Face Burns, scars, pimples as presented in the Fig.1. 

 

Fig.1. Images form the Trained Custom YOLO Model 

4.3. Data Collection and Analysis of Data  

This system being developed will require data from the users to carry out facial assessment as well as 

plastical surgery analysis and recommendation. The data will be gathered using a variety of 

approaches. After the data has been captured, the proposed system will have a number of actions 

which it will undertake in order to provide plastic surgery recommendations. Such analyses include 

the following: 

Establishing the tendencies in the distribution of your facial features: The system will carry out an 

examination of the proportions of various facial features possessed by the users wanting to establish 

any common trends or patterns in the data. For instance, the system might seek to know if specific 

features tend to occur more frequently among people of certain gender or age. 

Surveying the various effects of the facial features on self-esteem: The self-esteem and the 

identification of one’s unique face features will focus the proposed system, which will explore the 

correlation between these two factors among the users. This could involve giving out questionnaires 

to users of this system so that their esteem can be measured and then a comparison done with some 

other analyses to see whether certain facial features can for certain users lead to high self-esteem. 

Evaluation of effectiveness of plastic surgery: The system will look into the area of specialization of 

plastic surgery patients with the objective underlying the improvement of facial features. This may 

involve the analysis of the facial scalpel marks in such a way that a comparison may be made in 

terms of golden ratio or the extent of scar/burns if any before and after the operation. 
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5. Proposed Architecture 

 

Fig.2. Architecture Diagram 

As shown in Fig 2 the process of system development commences with particular data collection 

whereby various facial images featuring assorted characteristics, proportions, burns, and scars are 

gathered. It is crucial that this database includes a wide variety of burn depths and types of scars in 

order to enable thorough training and testing of the system. After that, the system uses the algorithms 

for face detection to search and pinpoint the position of images containing faces in the input image, 

which is a prerequisite for any further analysis and calculations. 

Once the face is detected, the system utilizes facial landmark detection algorithms that help position 

different geometric points that are useful in computing the golden ratio. These normally consist of 

the eyes, nose and the chin. With such information now available, the system now calculates the 

golden ratio for particular features in the face, where the relevant measurements would include eye to 

eye distance, nose length and chin shape. The plastic surgeons can therefore be able to mark out the 

regions targeted for custom facial augmentation so that the plastic surgery procedures are more 

specific and effective. 

Moreover, the system uses the YOLO algorithm to create a custom deep learning based model aimed 

at the detection of burn and scar. It is able to differentiate between the two because it is trained 

against the dataset that was collected for that specific purpose. The output of the system includes a 

few graphic images and a PDF file which has all necessary circumferences. The output also reports 

the extent of burn/scar present. Information is provided so that the necessary operation is executed 

accurately. The system allows images to be uploaded fast and allows medical specialists to choose 

what features they want analyzed without much clutter. 

6. Results and Discussions 

The analysis was carried out of the recommended system on a set of 500 images of both normal faces 

and faces with severe burns and scars. Burns and scars were evaluated by severity based on the 
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golden ratio, which was used to calculate facial proportions, and a classification model based on 

YOLO. 

Such systems enabled the authors to achieve good results in the course of research aimed at 

identifying burns and scars on the face and achieve positive PR and F1 Confidence curve as well as 

recall rates. The PR curve illustrates a trade-off between precision and recall, two metrics that play 

an equally significant role in the performance evaluation of classification models. Precision is 

defined as the ratio of true positives in all the true positives predicted, while Recall considers the true 

positives found in all positive instances. 

The confidence level F1 exposure curve captures an explanation of the whole curve above of F 

measure representation against required change in level of thresholds. The F1 score is a measure of 

accuracy that considers both the precision and recall averages into one value which ranges from 0 

being the lowest and 1 the highest performance value. 

The obtained results of the proposed algorithm exhibit the highest F1 score of 0.86 at a confidence 

threshold of 0.6, which interprets that a good trade-off between precision and recall was achieved 

with this threshold value. This result indicates that the burns and facial scars detection was very 

accurate and false positives were very few with the system. 

The Dataset generated from the Patient, contains the following Features as shown in Fig.3. 

The dataset includes several variables describing the face dimensions and ratios of golden 

proportions for a certain sample of individuals. Such features are essential because they provide 

insight into the individual’s face and its proportionality to golden ratios. The person’s gender and 

every single dimension of their face are taken into consideration. These measurements are utilized to 

obtain four ratios that have been designated as Ratio A, Ratio B, Ratio C, and Ratio D. 

Our system designs a reporting format where patients can assess their facial analysis with a reference 

of their report. This report, Fig.5, generated by our system model, elaborated the degree of facial 

features as scar and burn severity to the patient’s model. Thus, enabling the plastic surgeons to carry 

out the required operations precisely using the model. 

Our system results show that it has the potential to be useful for plastic surgeons in determining scar 

and burn damage on the face. The model metrics included precision and recall rates that achieved 

very high values, in other words, the effectiveness in recognizing and assessment of the features of 

the face was appreciable. Additionally, a very satisfactory trade-off among these metrics is present so 

that the system will be able to provide quality information for surgical planning. 

 

Fig.3. Dataset Features 
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Fig.4. F1 Confidence Curve 

 

Fig.5. Generated Report 

7. Testcases 

In addition to the well-known requirements which constituents the traditional test cases, the real-time 

scenarios are also significant concerns which need to be emphasized in order to assess the 

effectiveness and the reliability of the facial analysis systems assessing the plastic surgery 

operations. These scenarios are important since they illustrate how the system performs under real 

world challenges. In this study, we incorporate several real-time test case scenarios in an effort to 

evaluate the performance of the proposed system. 

Face Detection in Live Camera Feed: 

Scenario Description: The system is being used in practice and therefore patients are being viewed 

and assessed via a camera connected to the system. 

Expected Outcome: The outcome will be a successful capture of the faces irrespective of the face 

position or the facial expression of the target to be scanned thereby proving the system’s 

performance in clinical situations as intended. 

Golden Ratio Calculation on Multiple Subjects: 

Scenario Description: Several subjects present for analysis have distinct features and are researched 

in the course of one analysis. 
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Expected Outcome: Each individual face feature should be able to compute the golden ratio 

accurately so that reasonable representations of the differences in facial structures are dealt with 

properly. 

YOLO Algorithm for Scar Detection: 

Scenario Description: An individual who has facial scars comes to the clinic for evaluation. 

Expected Outcome: Such a system should aid in the detection of the scar and its classification on the 

patient’s face as well as the position and severity of the scar. 

Integration of Results in Real Time: 

Scenario Description: A doctor is looking at a patient’s face features and seeking the patient’s face as 

well as employing the system. 

Expected Outcome: Such a system should allow for real time integrations of the results of face 

detection, golden ratio face feature analysis and scar detection and all the relevant information 

presented for the surgeon. 

Accuracy Test with Diverse Facial Features: 

Scenario Description: The system is tried on a number of subjects whose faces are of different 

structure, races and ages. 

Expected Outcome: A majority of the pictures and results obtained in the testing of the system 

should demonstrate a greater range of accuracy towards successful closure due to all the 

representative datasets that were maintained towards varying use cases. 

Robustness to Environmental Factors: 

Scenario Description: For this specific case, the system is used outside and light conditions are not 

constant. 

Expected Outcome: I would expect the system to be able to resist such conditions and produce 

results that would stand despite the conditions and their changes. 

The above scenario aims to assess the proposed system under application conditions and determine 

its usability and performance for practical usage in plastic surgeries, specifically nose pink surgeries. 

8. Conclusion 

To conclude, this research presents a model for evaluating facial features which incorporates the 

golden ratio and the degrees of severity of scars and burns. The proposed system further uses the 

computation of the golden ratio as a metric for facial symmetric balance and the YOLO object 

identification algorithm for facial feature detail extraction. The assessment of the system is done 

using precision-recall and F1 confidence curves and both show that the developed system has 

potential effectiveness. 

However, the proposed system has limitations due to, among other reasons, the size and 

heterogeneity of the dataset. Further work should be done to improve the system’s effectiveness and 

usability by building the dataset with more diverse cases. It may be beneficial to expand the dataset 
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even further as well as include different methods of facial feature analysis and deep learning 

algorithms to ensure the system is strong and performs all functions as expected. 

The use of such a system will be critical in enabling medical specialists to evaluate both the 

symmetry of a patient’s face along with the severity of burn stages. There will be an improvement in 

the overall quality of patient care and patients’ quality of life. Look further, if these types of studies 

continues progress, there can be an improvement in the capabilities of the system and more 

development in the face analysis for the medical field. 

8.1. Limitations and Future Directions: 

The limitations of the proposed system will be discussed in this section. These limitations also point 

towards future research directions. The first and the most important limitation is the size and 

heterogeneity of the dataset available to train and subsequently test the system. The dataset under 

consideration may not provide adequate representation of demographics and the varying severities of 

face and neck burns which may impede effective operational capabilities when considering 

applications in real life. It would be recommendable in the future to try and gather more varied 

datasets that can help the system be more accurate and enhance the generalizability of the existing 

model. 

Another weakness is that it is believed that one of the facial beauty criteria is the golden ratio. 

Although the golden ratio and its proportions frequency can be found widely in various aesthetics 

presentation, it still remains as a subject to examine the ratio proportional application across faces. 

As future researches, methods of assessing facial proportions should be advanced to help provide a 

more valuable insight in the analysis. 

Several new avenues for important future research can be undertaken to overcome the above stated 

limitations of the proposed system and enhance the accuracy and overall efficiency of the system. 

One such approach is the inclusion of advanced facial augmentations like landmark attainment and 

scaffolds of multiple features to create more robust features that are facial feature and texture with 

greater detailed description. 

Another direction consists of investigating how deep-learning algorithms, such as CNN for facial 

features extraction and burn assessment could benefit the system. Different ConvNet models have 

excelled in all kinds of image processing tasks and thus could improve the system concerning facial 

processing. 

8.2. Accuracy and Effectiveness 

In order to assess the accuracy and effectiveness of the proposed system several methods could be 

employed such as integrating more strategies into the algorithms for the facial features extraction and 

the burn severity classification. Few options which might include adjusting the algorithms’ 

parameters or even trying out new algorithms which are more efficient for the task could suffice. 

The other option is the expansion of the dataset used in training as well as testing the system. Such 

expansion however requires more diverse samples of the facial features and the skin with different 

degrees of burn for training in order to be able to perform optimally in real life situations. 
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As an additional strategy, integrating other techniques of facial feature analysis and deep learning 

algorithms would also improve the accuracy and the efficiency of the system. For instance, the use of 

landmark detection techniques could enhance the accuracy of the system in recognizing important 

undertaken features while convolution neural networks or CNN could improve assessment of 

features extraction and burn severity. 

In addition, there is a need to maintain checks on the performance of the system to external 

disturbances like the environmental context such as illumination and the quality of the images taken. 

This might feature enhancement of the image quality by performing image preprocessing or 

development of algorithms which are less sensitive to the changes in illumination. 

8.3. Integration of Other Techniques 

Besides the golden ratio and the YOLO algorithm, the proposed system should also seek the 

integration of the other provider techniques of facial analysis for its improvement on the accuracy 

and the effectiveness of the system. Some techniques are available and are able to be integrated, such 

as landmark detection, 3D facial reconstruction and deep learning algorithms. 

Landmark detection involves looking for critical and prominent points on the face including eyes, 

nose, and mouth. The application of landmark detection methods integration can target specific facial 

features necessary for image processing that is important for the golden ratio calculation and 

symmetry assessment of the face. 

3D facial reconstruction techniques project a more precise and elaborate facial representation, hence 

enhancing the undertaking of facial features analysis. With the help of 3D facial reconstruction, the 

system can better evaluate the level of facial symmetry and determine the extent of a planned facial 

enhancement. 

Conventional cameras have difficulty capturing a person’s facial features due to varying distances 

and dimensions, however, deep learning technologies like convolutional neural networks (CNNs) 

can help systems comprehend facial images and extract features more effectively. Incorporating deep 

learning algorithms into the system brings those facial analyses to the next level both in terms of 

precision and robustness of the system. 

The photographs provided can also be useful for quality assessment as they will help the system 

interpret and even classify different fair emotions which is very important for the evaluation of facial 

symmetry and areas with burns and scar issues. 

Such automated systems can also assist by using texture analysis where the system can be trained to 

learn skin textures and even detect areas associated with scars or areas that have been burned. 

Additionally, by employing texture analysis, the complexity and coverage of the information about 

scars and burns may be more accurately described. 

The inclusion of these techniques together will improve the level of overall efficiency and the 

accurateness of the proposed system, enabling it to provide a detailed analysis of facial features for 

surgical application in plastic surgery. Due to the integration of several technologies, the system 

would also get a more comprehensive and personalized technique of facial analysis which would in 

turn yield better patient satisfaction. 
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