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A MARKOV POINT PROCESS MODEL FOR WRINKLES IN HUMAN FACES
Nazre Batool, Rama Chellappa

Computer Vision Laboratory, Department of Electrical and Computer Engineering,
University of Maryland, College Park, MD, USA

ABSTRACT due to wrinkles using Gabor filters and subsequent thresh-

. . ._olding of filter response. Our work follows the approach of
In this paper we present a new generative model for wrin- : . .
. . the above mentioned methods by analyzing wrinkles as edges

kles on aging human faces based on Markov Point Processes . .
. . . .~ and is closest to the work by Soitca et al. [4]. We propose

(MPP) where wrinkles are considered as stochastic spatial ar- . L . .
. . 0 incorporate semantic prior information available from typ-

rangements of sequences of line segments. The model is then

. ) . . . . ical appearance of wrinkles on human faces. The properties
used in a Bayesian framework to localize the wrinkles in im- bp brop

ages. In aging human faces, wrinkles mostly appear as di of wrinkles (angle, length, proximity) as prior information al-

R . . 196w us to select edges that have higher probability of being
continuities in surrounding grayscale texture. The intensity . . 7

. . L wrinkles. The MPP model represents wrinkles as a stochastic
gradients due to wrinkles are enhanced using filters and used

as data to detect more probable locations and directions of "nsepanal process O.f line seg_ments gnd Uses prior I.<nowledge.to
. . : : IMpose geometric constraints on line segments in a Bayesian

segments. Wrinkles are localized by sampling MPP using th?ramework

Reversible Jump Markov Chain Monte Carlo (RIMCMC) al- '

gorithm. Experiments on images obtained from uncontrolled

acquisition conditions are presented.

Index Terms— Wrinkles, Markov Point Process, Re- 2. MARKOV POINT PROCESS
versible Jump Markov Chain Monte Carlo, stochastic geo-
metrical model A point process is defined with respect to Poisson measure
(The interested reader is referred to [5] for details on MPP).
1. INTRODUCTION A’mark’, which is a set of random parameters describing ge-

ometric properties, can be attached to a point. In this work, a

Wrinkles and fine lines are important but subtle features of agPoint with a mark represents a line segment. Let a marked
ing human faces. Localization/detection of wrinkles is a chalfoint (line segment) be denoted hy; = (s;,m;) where
lenging problem due to physical properties of skin and imagesi = (2i,%:) € S C R? is the location of center of seg-
acquisition conditions. Wrinkles can be viewed roughly ei-ment andm; = (l;,0;) € M is the mark consisting of two
ther as textures or edges depending on their appearances. Ngarameters denoting length and orientation of the segment
mally wrinkles create appearance of texture on skin. HowJlespectively. The continuous space for parameters is given
ever, when looked at high resolution, wrinkles do not depict?yY M = [lmin, lmaz] X [0min, Omaz]. The line segment se-
any specific repetitive/homogeneous texture pattern. Wrinduence§w = w;,i = 1, ...,n} can be considered as realiza-
kles cannot be described as boundaries between multiple tefion of MPP on spacé x M. The probability density of MPP
tures as well. However, a wrinkle can be described as afan be represented by the Gibbs distribution.

artifact or a discontinuity in a surrounding inhomogeneous

skin texture. Considering these specific characteristic appear-

ances of wrinkles, we propose a novel generative modeling _ n(w) B 1
approach for wrinkles, based on intensity gradients and in- flw) = cﬁn(w) exp(=U(w)) @
corporating geometric properties of wrinkles as well. w) = cf exp —(Up(w) + Up(w)) @

Many applications in skin aging depend on the analysis
of wrinkles as texture [1]. Some attempts have been made tavherec is the normalizing constant,is the intensity of point
evaluate wrinkles as edges for age detection. Kwon and Lobprocessp(w) andU (w) are the number of line segments and
[2] used active contour models to localize wrinkles in hightotal energy for the realizatiow respectively. The total en-
resolution images. Recently, Cula et al. [3] reported workergy is the sum of two energy terrbs>(w) andUp (w) cor-
on localization and assessment of severity of facial wrinklesresponding to the prior model for interaction of line segments
The approach is based on enhancement of intensity gradienésd data likelihood term respectively.



2.1. Prior Model

The prior model captures more likely geometric properties of ?W_) i —A
individual line segments (length and connectivity) as well as ro “r\"\ I
the interactions among neighboring line segments. The pa- ' %
rameters{l;,0;} associated with the mark; are sampled :

from a Uniform distribution.

d<2r - d=>2r

Fig. 1. (Left) Rejection Interaction (Right) No Rejection In-

Z’L’ ~ u([lmina Zma;c]) andei ~ u([emina Hmax]) (3) teraction
(a) (b) |

© @

Let ¢ (w;) andgz (w;, w;) denote the energies contributed by
properties of an individual line segment and the interaction
of two segmentgw;, w, }. Then the total energy for the prior
model is given by

Up(w)=— Y logqi(w)— > logga(wi,wy)

w;EW (w;,wj)EW Fig. 2. LoG filter response }o low resollution fore?ead image
Wi ~W 1001 T — = = —
: @) (a) Original Image (by = 53 (Co=5d)o= 7

wherew; ~ w; denotes the interaction between two seg-

ments. The two individual geometric properties modeled argjiven data. The images are filtered with Laplacian of Gaus-
length and connectivity. Line segments with larger lengthsgjgn (LoG) filter to highlight intensity gradients caused by

are penalized as follows. wrinkles. LetD, denote pixels in the image correspending
I— 1 to the segment;. The likelihood energy for the segment
q11 = exp — ( ; "””) (5) isgivenby
" Up(wi) =a Y (d) ©)
Regarding connectivity, a segment is allowed to be connected deD;

on either side by exactly one line segment which can resulFigure 2 shows results of LoG filter responses to low resolu-
in singly or doubly connected segments. We want to penaltion forehead image for different values of variance. A trade
ize individual line segments with no connections at all. Letoff can be observed between localization of wrinkles and am-
¢i € {0,1,2} denote the number of connections for the line plitude of LoG output to wrinkle gradients. We select the

segmenty;. The segments with more connections are favoredtandard deviatiof = 0.5) for LoG filters for this work.

as follows.

q1,e(wi) = qci + 1) (6)  2.3. Simulation

where: For MPP, the number of line segments is not known a pri-
_ T ori and the Metropolis-Hastings algorithm cannot be used to

1= [Q(l) 92) q(?’ﬂ andq(3) = ¢(2) =z ¢(1)  (7) sample from distributions. The algorithm is changed to allow
The interaction between line segments is modeled through thgPnfigurations of different dimensions i.e. number of line seg-
term gz (w;, w;). Two segments have rejection interaction if Ments. Green presented the Reversible Jump Markov Chain
they are overlapping or lie within radiusof each other. This Monte Carlo algorithm to jump between states in configura-

penalizes the overlapping or congested line segments: tions of different dimensions [6, 7]. Given that the state
is changed tov’, the algorithm requires matching of dimen-
g2 (wi,wj) = 7“<w7:~wj> (8) sions of two configurations. This is done using an auxilliary

random variable:, sampled from a distributiop(u), and a
The parametey is the penalty assigned to segments with re-bijective transformatiofi” such thatw’ = 7(w, u). The ac-
jection interaction and ., ~..,; is the indicator function for  ceptance probability is then modified by the Jacobian of trans-
interacting segments. Figure 1 shows examples of interadermation as follows.
tions between two line segments.

¢(w — w') =min{1, R} (10)
2.2. Data Likelihood whereR is called acceptance ratio and given as
The data likelihood captures the information on where line f(w’) oT prob(reverse jump

(11)

segments corresponding to wrinkles are more probable in the R= f(w)g(u) |d(w,u)| ~ prob(forward jump
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For the birth of a connected segment, a new segment is sam-
pled and connected to a randomly selected segment, with at
least one free end, from the configuration. This move can
also result in doubly connected segments as is shown in Fig-
ure 3(a). For the death move, a singly connected segment is
Fig. 3. (Left) Birth of a doubly connected segment (Right) selected randomly which eventually can result in the deletion

Placement of Seed Segments of a doubly connected segment. Let., y.) be the coordi-
nates of the free end of an existing segment to connect the

new segment to. Let = (6., 1,) be the random vector sam-
Simulated annealing is used to reach the global minimum opjed from mark spacé/ with density function:
the Gibbs energy/(w) in (2) where the probability density
f(w) is replaced b)g“(w)T%' in RIMCMC algorithm and’; g(u) = 1 % 1 (17)
denotes temperatue in iteratianThe simulation of point pro- lmaz = lmin ~ Omaz — Omin
cess involves the following four moves among configurations]-hen the new segmentis given by:
of different dimensions.

(xe, ye)

T

1. Birth or Death of Free Segments w(u) = [To(Te, 0uslu) Yo (Yer Ourlu) Ou L] (18)

2. Birth or Death of Connected Segments T, = Xe + %cos(@u) andy, = z. + %Sin(eu) (29)

Each move invovles the calculationgffu), 7(w,u), | 55551 Then it can be shown that the Jacobian of the bijective tran-
andR. For brevity, we skip the detailed derivation and presentormation is given as
the final expressions faR for different moves. Le{n,n .,
ne1, nez} denote the total number of segments and the num- | 97 (w, u)
ber of segments having zero, one and two connections re- ‘ d(w,u)
spectively. For the birth of a free segment, detlenote the
new free segment added to the configuration and ket the | et P piren @nd Po gearn, be the probabilities of choosing
random vector sampled from the segment parameter spagge birth and death of a connected segment respectively, then
(S, M) aCCOfding to uniform distribution. Thea is given PC,biTth,/(anO + ncl) is the probabmty of selection of a par-
by: ticular free end pointx., y.) andPc geqtn/nc1 1S the proba-

u = [:cu Yu Ly Gu]T (12)  bility of reverse jump of death of a connected segment. Then
and the density function far denoted by () is given as: the acceptance ratio for birth of connected segment can be

=1 (20)

| ow’
~0(w,u)

written as:
(u) = L X 1 X L (13)
g V(S) Zm,aac - lmin Hm,am - emin R = anO * Tl X PC,death
. . N P pirtn Nt
wherev(.S) is the total measure on image spateThe bijec- Flw')
tive transformation for this move is selected to be: X (lmaz — lmin) (Omaz — Omin) X F(w) (21)
w =T(w,u) = {w] =wi, .., w, =w,,w=u} (14)

where the ratio%’v"vl)) is given in (16). The acceptance ra-
tios for the reverse jumps i.e. death of a free or connected
segments are simply the inverse of acceptance ratios of birth

Then the Jacobian of the transformation is one. Pgl,;, ¢,
andPr qeq:n, e the probabilities of choosing birth and death
of free segments respectiveRr geqtn /10 IS the probability moves

of reverse jump of death of that particular free segment. ThenThe connected segments connect to pre-existing segments

according to (11), the accgptance ratio for the birth of a freeWith free end points making the placement of first few free
segment can be written as:

segments critical in the evolution of Markov Chain in RIM-
CMC algorithm. For faster convergence towards the global
_ Pr geath % V(S)(lm(m — Zm,in)(em,aac - Hmin) % f(W,) minimum, we use a favorable initial state by introducing

i Neo Pr pirth f(w) 'seed’ segments. These segments are free segments placed in
) (15)  the image at high LoG filter responses. The image sites with
where the ratio% = f(;(”i;“) is given as follows: highest filter responses are selected while keeping a mini-
mum distance among them. Seed segments are then placed
F(w) on these sites in the direction perpendicular to the highest in-
Tw) Bexp(qr(w) > gqa(wi,w)+a > d) (16) tensity gradient. Figure 3(b) shows an example of placement
wicw deD(w) of seed segments.



Fig. 4. (Top) Ground Truth (Bottom) localization results

la [ B |7 |loggw | logge [ logges |
[4000 | 0.005 | 5000 | —10™ [ 105 [ 10° |

Table 1. Parameter Values

Fig. 5. Localization results

3. RESULTS
Experiments were conducted on face images from the FG-Net 6. REFERENCES
[8] dataset having various resolution and illunination settings
Each move in RIMCMC algorithm was selected with equal
probabiliy i.e. 1/4 where one iteration performed one move
only. Table 1 shows selected values for different parameters
of the MPP model. Figure 5 shows localization results for
different subjects. It can be seen that, despite low resolutiorf2] Young H. Kwon and Niels Da Vitoria Lobo, “Age classi-
most of the wrinkles are detected with few false alarms. Since fication from facial images,” ifProc. IEEE Conf. Com-
the ground truth is not available, some of the images were  puter Vision and Pattern Recognition, 1999, pp. 762—767.
used to draw wrinkles by hand. Figure 4 shows the compari-

son of groud truth vs. localization results for those images. I{3] Gabriela O Cula, Paulo R Bargo, and Nikiforos Kol-
can be observed that the localized wrinkles closely resemble lias, “Assessing facial wrinkles: automatic detection
the ground truth. However, the line sequences are broken at and quantification,’Proceedings of SPIE, vol. 7161, pp.
some places and do not cover the original wrinkle completely. ~ 71610J-71610J-6, 2009.

At some locations, some overlapping of segments can also

I[1] Yun Fu, Guodong Guo, and T.S. Huang, “Age synthesis

and estimation via faces: A surveyattern Analysisand
Machine Intelligence, |EEE Transactions on, vol. 32, no.
11, pp. 1955-1976, nov. 2010.

IO[(fi] Radu Stoica, Xavier Descombes, and Josiane Zerubia, “A

observed. Gibbs point process for road extraction from remotely
sensed images/ht. J. Comput. Vision, vol. 57, pp. 121—
4. CONCLUSION 136, May 2004.
_ o _ . _ ~[5] M.N.M. Lieshout,Markov Point Processes and their Ap-
The main contribution of this work is the modeling of wrin- plications, Imperial College Press/World Scientific Pub-
kles as spatial line process to incorporate specific prior knowl-  |ishing: London/Singapore, 2000.

edge about wrinkles. The experiments on images with un-

controlled acquisition conditions highlight the strength of our[6] P. Green, “Reversible jump MCMC computation and
modeling approach. This work can be the basis for applica- Bayesian model determinatiorBiometrika, vol. 82, pp.
tions based on modeling of wrinkles. In future, we planto ~ 711-732,1995.

extend the current work by using more sophisticated geomet- e .
ric model and estimation of model parameters. 17] C. J. Geyer and J. Mller, “Simulation procedures and

likelihood inference for spatial point processeSgandi-
navian Journal of Satistics, vol. 21, no. 4, pp. 359-373,

5. ACKNOWLEDGMENT 1994.

[8] “The FG-net aging database,”

The first author would like to acknowledge the support of http://www.fgnet.rsunit.com.

Fulbright/HEC(Pakistan)/USAID PhD Scholarship. How-
ever, neither the governments of the United States/Pakistan
nor any agencies representing them have endorsed the con-
clusions or approved the contents of this publication.



