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Anthropometric Analysis of Face using Local Gaussian
Distribution Fitting Applicable for Facial Surgery

Ali Fahmi Jafargholkhanloo!, Mousa Shamsi?* & Houshang Rouhi®
2Faculty of Biomedical Engineering, Sahand University of Technology, Tabriz, Iran
3Faculty of Science, Islamic Azad University, Ardabil, Iran

Abstract
Human facial plays a very important role in the human’s appearance. Many defects in the face affect the
facial appearance, significantly. Facial plastic surgeries can correct the defects on the face. Analysis of facial
color images is very important due to its numerous applications in facial surgeries. Different types of facial
surgeries, such as Rhinoplasty, Otoplasty, Belpharoplasty and chin augmentation are performed on the face
to make beautiful structure. Rhinoplasty and Otoplasty are widely used in the facial plastic surgeries. the
former is performed to correct air passage, correct structural defects, and make a beautiful structure on
bone, cartilage, and soft nasal tissue. Also, the latter is performed to correct defects in the ear area.
Development of different tools in the field of facial surgery analysis can help surgeons before and after
surgery. The main purpose of this study is the anthropometry analysis of facial soft tissue based on image
processing methods applicable to Rhinoplasty and Otoplasty surgeries. The proposed method includes three
parts:; (1) contour detection, (2) feature extraction, and (3) feature selection. An Active Contour Model
(ACM) based on Local Gaussian Distribution Fitting (LGDF) has been used to extract contours from facial
. lateral view and ear area. The LGDF model is a region-based model which unlike other models such as the
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Chan-Vese (CV) model is not sensitive to the inhomogeneity of image spatial intensity. Harris Corner
Detector (HCD) has been applied to extracted contour for feature extraction. HCD is a method based on
calculating of auto-correlation matrix and changing the gray value. In this study, dataset of orthogonal
stereo imaging system of Sahand University of Technology (SUT), Tabriz, Iran has been used. After
detecting facial key points, metrics of facial profile view and ear area have been measured. In analysis of
profile view, 7 angles used in the Rhinoplasty have been measured. Analysis of ear anthropometry includes
measuring the length, width and external angle. In the Rhinoplasty analysis, accuracy of the proposed
method was about %90 in the all measurement parameters, as well as, it was %96.432, %97.423 and
%85.546 in the Otoplasty analysis for measuring in the length, width and external angle of the ear on AMI
database, respectively. Using the proposed system in planning of facial plastic surgeries can help surgeons in
the Rhinoplasty and Otoplasty analysis. This research can be very effective in developing simulation and
evaluation systems for the mentioned surgeries.

Keyword: Facial Soft Tissue Analysis, Surgery Analysis, Orthogonal Stereo Imaging, Facial Key Points,
LGDF Model.
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(Figure-1): Facial landmarks in the lateral view
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(Figure-2): Facial anthropometry analysis for Rhinoplasty surgery.
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(Figure-3): Structure of ear normal. (A): The distance of between points including: A, B and C from the skin in the normal state
is 10-12, 16-20 and 20-22 mm. (B): Anthropometry of ear normal.
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(Figure-4): Block diagram of proposed algorithm for
Rhinoplasty surgery system

o3lizl L oo 5 st (i 58 5l 51

5 e 2V Coond (Jhbols bl claske [26]
Sond Gk 5l ]y oxz oy, sl ples b
Ot pislise Soesdy endigl il jguls Aoy 5 A
A5 L)l ez il slei el gl |
sled 5l sadzl el jeuls 4 1) [33] CHCD) s y»

Odgpdwlaie (Sho a4z b S o Jlesl o Sl

' Harris Corner Detector



(2 (=)

1(g) Fov alo po 41,55 :(0) Yoo alo yo | ST :(Z) cadgl Hgil5 :(0) Lol pgai (&) o (Sl sl gl ! ol (O JSi)
N es Ao o 41 ST

(Figure-5): Facial contour extraction from lateral view. (A): Original image, (B): Initial contour, (C): Iteration 200, (D): Iteration 400,
(E): Iteration 1800.
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NeW,ontour = lateral_contour(Glabellay,,: Nose Tip Line)
(x,y) = use Harris corner detector for new_contour
Xyasion = Min(x)
local (Xyasion) = find (X = Xyasion)
Yyasion = ¥ (1062l (Xygsion) )
if numel (Yygsion) > 1
Yiew Nasion = MAX (Ywasion) (@)

end

Y = Vitarris detector A4 Yoy = Y4 <Y <5
X = Xyarvis detector AN Yy = X(1000l (V)
Ko = Min(Xpe)
local(Xsy) = find (Xpew = Xspr)
You = .\'new(laf al (XSM))
if numel(Ygy) > 1
Voew s = max(Yipy) (ll)

end

042 sl glod 31 Nasion g SM a5 Lo bl | yoew! :(F- JS0)
(Figure-6): Extraction of SM and Nasion landmarks from facial lateral view.
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(Figure-7): Facial landmarks extraction from lateral view. (A): Original image, (B): The second channel of negative space, (C): Contour
extraction with LGDF model, (D): Match of extracted contour and initial level set on the original image, (E): Enforcement of Harris
Corner Detector to the extracted contour, (F): Landmarks detection.
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BsoF rontal Angle =132.06

Apgle =96.0033
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(Figure-8): Result of proposed algorithm for Rhinoplsty surgery system. (A): Nasofrontal Angle, (B): Nasomental Angle, (C): Nose Tip
Angle, (D): Convexity of including nose, (E): Convexity of excluding nose, (F): Mentolabial Angle.
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(Figure-9): Block diagram of proposed algorithm for Otoplasty surgery system.
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(Figure-10): An overview of contour extraction of the ear area for AMI data. (A): Initial contour, (B): Iteration 400, (C): Iteration 800, d
(D): iteration 1200, (E): Iteration 1600, (F): Iteration 2000. ""U
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(Figure-11): Measurement of ear parameters for AMI data. (A): Initial level set selection, (B): How to remove the image background,
(C): Contour extraction, (D): Enforcement of Harris Corner Detector to extracted contour, (E): Extraction of ear important
landmarks, (F): Ear anthropometry analysis.
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(Table-1): Comparison of the obtained results for the proposed algorithm and manual measurement for Rhinoplasty surgery system.
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(Table-2): Comparison of the obtained results for the proposed algorithm and manual measurement for the Otoplasty surgery system
on the AMI dataset.
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(Table-3): Accuracy and error values for the proposed algorithm in the Rhinoplasty surgery system.
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(Table-4): Accuracy and error values for the proposed algorithm in the Otoplasty surgery system.
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