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Abstract
MadPanim is a toolbox for initial analysis on 3D face surfaces for
medical and clinical trials. MadPanim receives as input a 3D video,
chooses the best suited frame, finds key points around the face and
calculates geodesic distances between automatically detected or user
selected points. This toolbox reads a 3D video file taken by a GIP
camera and chooses automatically the best frame for face features
recognition. On this 3D frame, 3 points (2 eyes centers and mouth
center) are detected (Viola-Jones algorithm) and used by the ASM
(Active Shape Model) algorithm in order to detect 68 points around
the face. From these 68 points 12 are drawn on the 3D frame (5
around the mouth, 4 eyes edges and 3 around the nose). This 3 phases
procedure is completely automated. At this stage the physician can
view the geodesic distances (Fast Marching method) and display the
route between any two points he selects. MadPanim also saves all
the information (points ,distances, doctor notes, best frame number
in video, etc.) to an excel file that can be loaded later for future work.
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1

Introduction

This toolbox is developed primarily for initial geometric analysis of medical
and clinical trials. The main goal of this project was to develop a toolbox
for physicians, in order to help them calculate geodesic distances and display
geometrical features on a model of a human face. MadPanim is a pipe-line
based application that basically takes output from one module and converts
it to an input for another module. Details of the main modules are described
in the following sections of this document. In a nutshell, the pipe-line consists
of four main modules: Finding the best 3D frame from a 3D clip, finding 3
anchor-points in that frame (2 eyes centers and mouth center) by Viola-Jones
as described in [1], then 68 key points are generated using ASM as described
in [2]. The next module chooses the key points which are relevant to the
physician. On those chosen key points we use the fast-marching algorithm as
described in [3] in order to get the geodesic distances and the routes between
them.
The MadPanim is designed as a general and flexible toolbox. This toolbox
can be configured quickly and easily to suit different types of medical and
clinical trials. For example, it is possible to add a module to extract the
surface around the nose in order to design a unique best-fitting CPAP mask
for each patient.
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Application Notes

The application is implemented in Matlab v2013b and can be exported to
any user environment after MCR (Matlab Compiler Runtime) installation.
Runtime estimation:
• Best Frame selection : 4.88 (seconds) per 8 frames.
• ASM : 13 (milliseconds).
• 3 anchor-points : 1 (second)
• 12 points : Eyes – 18 (ms), Nose – 1.8 (ms), Mouth – 5.4 (ms)
• Fast-Marching : 1.13 (seconds)
• Overall Estimation: 7 (seconds) for full fast recognition.
4
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Application Modules

3.1

Best Frame Selection

Choosing the best frame is performed by utilizing another GIP lab project
done by two GIP lab students (Dudi and Hila).
That project included reading a video file and sorting it’s frames by grades
given to them (See figure 1).
The grade each frame gets is a weighted combination of several considerations. The most crucial one is the existence of detections made by Viola-Jones
cascade classifiers.
The method developed can be easily changed to suit toolbox goals. For
example one can add criteria that evaluate how frontal the face is.
Another key feature is the ability to save the sorted frame list (with their
corresponding grades) to a file in order to avoid running the script on the
same file when needed again.

Figure 1: Best frame selection - 5 pics from a video and their automatically
calculated grades.(Starring :Alex Parotzky - Gip lab engineer)

3.2

3 Central Points

In order to use ASM , an input of 3 pre-calculated central points is necessary.
Since we required our procedure to be automatic we used Viola-Jones
cascades classifiers to obtains these 3 points.
The Viola-Jones algorithm consists of 4 stages:
• Haar Features. The main goal of this stage is to eliminate non relevant
figure areas and hence reduce calculation time.
• Creating an Integral Image.
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Figure 2: Viola-Jones fact feature extraction Example
• Using AdaBoost Training.
• Cascade Classifier. These classifiers are working in ”No-Maybe Yes”
method.
Meaning, each classifier takes a portion of the image and return No or
Maybe yes for this patch. If the answer is No, this patch will not be
analyzed anymore by next classifiers.
Some main features of the cascade classifiers method are:
• Image assumed to be frontal.
• Combining weak classifiers create a strong one.
• Works in real-time – 2fps
• Vulnerable to light (can be avoided using light normalizer)
After using Viola-Jones, we then induce some geometric restrictions in order
to achieve more accurate results. Since Viola-Jones gives almost always the
right answer mixed with wrong answers, we only need some basic geometric
considerations in order to filter all the wrong results.
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3.3

ASM

In order to apply the ASM[2] method we passed the 3 previous points, which
then detects 68 points around the face.
We applied the implementation provided by Wang Lin, posted on the net,
which give us the 68 points.
These points then undergo a second filtering mainly by geometric considerations. The output is 12 points as defined by physician’s needs. 5 points
around the mouth, 4 points on the eyes edges and 3 points around the nose,
as seen in the figures below.

Figure 3: ASM - Eyes block

Figure 4: Eyes Edges

Figure 5: ASM - Nose block

Figure 6: Nose Edges

Figure 7: ASM - Mouth block

Figure 8: Mouth Edges

It’s worth mentioning that ASM implementation can easily be replaced
according to different requirements. It’s even possible to use multiple ASM
implementations for different goals at the same time.
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3.4

Fast Marching

Fast Marching as explained on J.Sethian book [3] , is a numeric approach to
solve the Eikonel equation with initial condition, namely
F (x)|∇T (x)| = 1

(1)

The problem at hand is, in fact, the location of an interface with boundaries D moving over a surface. The fast marching method uses upwind difference operators and a one pass solution (like Dijkstra’s algorithm) can solve
this equation, given the speed (F(x)) is always with same sign. The solution
runs in NlogN time complexity. Another assumption is that the plane is
isotropic. Meaning there is no preferred direction to march in.
We used an implementation developed in GIP lab. All the calculations
are done with sample rate equal to 1 (same amount of points as the image
was taken) to obtain the most accurate results available (depending on image
quality). The fast marching implementation works in two different modes:
One is termed ’single’, which calculate distances and routes between one
point (chosen by user) to all the rest.
The other is termed ’multiple’, which does the same, only from all points
to all points.

Figure 9: FM Routes

8

A

Examples and Screenshots

Figure 10: Openning screen
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Figure 11: Eyes Tab

Figure 12: Nose Tab

Figure 13: Mouth Tab
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Figure 14: Routes examples, on the left one can see the geodesic distances
(cm) on each route

Figure 15: Geodesic Distances Matrix for eyes
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Figure 16: Excel excerpt - GDM tab

Figure 17: Excel excerpt - Points tab
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