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Smile and Laugh Expressions Detection Based on
Local Minimum Key Points
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"Faculty of Computer Engineering, Najafabad Branch, Islamic Azad University,
Najafabad, Iran
“Department of Computer Engineering, Dolatabad Branch, Islamic Azad University,
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Abstract

In this paper, a smile and laugh facial expression is presented based on dimension reduction and description
process of the key points. The paper has two main objectives; the first is to extract the local critical points in
terms of their apparent features, and the second is to reduce the system’s dependence on training inputs. To
achieve these objectives, three different scenarios on extracting the features are proposed. First of all, the
discrete parts of a face are detected by local binary pattern method that is used to extract a set of global
feature vectors for texture classification considering various regions of an input-image face. Then, in the first
scenario and with respect to the correlation changes of adjacent pixels on the texture of a mouth area, a set of
local key points are extracted using the Harris corner detector. In the second scenario, the dimension
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reduction of the extracted points of first scenario provided by principal component analysis algorithm leading
to reduction in computational costs and overall complexity without loss of performance and flexibility; and in
the final scenario, a set of critical points is extracted through comparing the extracted points’ coordinates of
the first scenario and the BRISK Descriptor, which is utilized a neighborhood sampling strategy of directions
for a key-point. In the following, without training the system, facial expressions are detected by comparing
the shape and the geometric distance of the extracted local points of the mouth area. The well-known standard
Cohn-Kaonde, CAFE, JAFFE and Yale benchmark dataset are applied to evaluate the proposed approach.
The results shows an overall enhancement of 6.33% and 16.46% for second scenario compared with first
scenario and third scenario compared with second scenario. The experimental results indicate the power
efficiency of the proposed approach in recognizing images more than 90 % across all the datasets.

Keywords: Local key points extraction, facial expression detection, corner detector, descriptor algorithm,
dimension reduction
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(Figure-1): Sample facial expression images in datasets: a) Cohn-Kaonde, b) JAFFE, c) Yale, d) CAFE
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(Figure-2): Flow-chart corresponding to the proposed algorithm.
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(Figure-3): Overview of proposed Haar features set.
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(Algorithm-1): The facial expression recognition.

P(x,y).

Create a Zero Matrix [#',n'] as M. ;
For (i =1;i <n';i ++) then
For (j =1;j <#n’;j ++) then

n'!

Fill each column with: [

End For
End For

Compute and Permute new
P'(x,y) = (MZ +lVlm)>< P(x,y) ;
End For
If (P'(x,y) > P(x,y)) then
F=1;
Else
F=0;
End if
Output: return F .

Input: the number of extracted key-points in the mouth area: »', and their two-dimensional coordinate values:

Create a vector [1,7']in a Linear Space as Vv, ;

/I consider each row of matrix M,

m]("h 0 j)e(1=Vy) (n' = j +1);

r.

Create a Modified Matrix [#,1] as M,, = V)T on
two-dimensional

/I consider each column of matrix M,

>

coordinate values of the key-points:

/I the facial expression is recognized

// the facial expression is not recognized

o 3 ST (AGAST)) ieles § ple aslolids i
slolad 4l B 58 (635 50 aball (Slaos po by JusSy
GO 4 (83559 2505 i (i 1095 0 ,IST T el
b (V) i ,s &l )0 slaglisT 5 agliST plias aiges
sbal ez 2l 7 jlaae &pin 5 () alul; pgal (539)9
SlosliST g LagliST 51 plaS” 2 (5l p pgd > po )0 Ngd oo
TPl FAST CLadsS oy, by » oS bl (550
5o eZuwload ools lis (B) JSKo [0 aSae8 lan (gl oo
bS5 S o o2 iy Do Gliee (b, )
B oon o ol e Ay (Slasn o oSy
Pt gliby, Dol BB Glie a5 (Fy90,0 0925 o0
L 655 e JuSn b (Solied (0l 5o (Jlyie sl oSy

Dy go i85 15 5 (galS abai S lsreas ol

! Adaptive and Generic Accelerated Segment Test
2 Scale-space Area

BRISK g Harris < y jpgm (599 ybuw —V-V-Y
Sbposi g Harris o2 )s801 5l (o5 5 Jojle S olon
P2 AS oy Cewl oals sleiioy s, ) ,o BRISK
bl alilaz o)gon ilse @58 95 50 w8l 9
S F o 0 g e0)S gl 1) G Bogume Sl
Gy o w0 5wk b il llie
Bl S5 (olpiioy by, siiled Cunds dl> po 00y o0
o3 (VY) abaly aslen (J 8ogume 3l )5 Sl
Sl b glpial 5 oy gd A pe j0 Npdio
59550 plx BRISK S irogs 02,6501 Lawsss o 8ogaxe

[40]
WS (oo 5 hol o5 a0 Siiog 0,68l !
S agly s oelS Ll (cLsb sogasms Wi e oS
03251 5 Gk ShadsS (By) bawg LSy (2lids,

¥5 b ¥ 55led 1YY Ly

e Fy 2
) bg"";/
4,



www.SID.ir

o solas anb 5l ) SoT (Y- o5 ,951)
(Algorithm-2): The facial expression recognition.
Input: an original image that called octave ¢ .

For (i=Li<n-1i++) then

Create octave images, where octave ¢; is half-sampled from prior octave and compute scale:
t(c,-) =2,

Create intra-octave images, where octave d; is down-sampled located between octaves ¢; and ¢;
and compute scale: ¢(d;)=2"-1.5;

End For
Output: octave and intra-octave images.
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(Figure-5): Overview of third adjacent pixel in FAST corner detector method: original image (Left), detected mouth area (middle),
the pixels location on right corner of a mouth (right).
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(Algorithm-3): The calculator of facial expression recognition parameters in the third scenario.

1: Input: the number of extracted key-points in the mouth area using Harris and BRISK algorithms: »,

and n, , and their two-dimensional coordinate values: P(x,y) and Py(x,y)respectively.

R el s N

1271

Find the maxima and minima coordinate values of P, (x,y)as Max,(x.y)and Miny(x,y);
Calculate the average of the values: Average, (x.y)=(Max,(x,y)+ Min,(x,y))/23

Calculate the new coordinate values: P,(x,y)= Average, (¥,y)x Py(%3);

Interpolate the coordinate values of P, (x,y) by using Spline Interpolation method as P}, (x,v);
Find the coefficients of a polynomial p,(x,v) of degree 2 as P;(x,v)= Apx? + Byx + Cy;

Do step 6 for Harris coordinate values: P(x,y)=4x* + Bix+C ;

: Output: For (i=1;i<2;i++) thenreturn 4,5;,,¢; End For.
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'2\ (Figure-6): The adjustment parameters results for bias control function.
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(Figure-7): The adjustment parameters results for gain control function.
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(Figure-8): The pre-processing step results: a) raw input images, b) output images.
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(Figure-9): The mouth area detection results: a) input image, b) facial parts detection ¢) mouth area detection.
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(Table-3): The minimum and maximum values of critical points in the different image datasets.
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(Table-4): The maximum and minimum values of rotation in the different image datasets.
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(Table-5): Recognition error rate in the different image datasets.
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(Figure-10): The minimum and maximum number of the extracted corner points in the mouth area: a) facial parts detection, b)
extracting local key points, c) facial expression detection.
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(Figure-11): The facial expression recognition results in the different databases: a) Cohn-Kaonde (smile), b) Cohn-Kaonde (laugh), j)
CAFE (smile), d) CAFE (laugh), v) JAFFE, h) Yale
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(Table-6): The overall percentage of facial expression recognition in the different databases.
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(Table-7): Quantitative comparison results of the proposed method with related works.
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