Spatio-Temporal GrabCut Human Segmentation for Face and Pose Recovery
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Abstract

In this paper, we present a full-automatic Spatio-
Temporal GrabCut human segmentation methodology.
GrabCut initialization is performed by a HOG-based sub-
Jject detection, face detection, and skin color model for seed
initialization.  Spatial information is included by means
of Mean Shift clustering whereas temporal coherence is
considered by the historical of Gaussian Mixture Models.
Moreover, human segmentation is combined with Shape and
Active Appearance Models to perform full face and pose re-
covery. Results over public data sets as well as proper hu-
man action base show a robust segmentation and recovery
of both face and pose using the presented methodology.

1. Introduction

Human segmentation in uncontrolled environments is a
hard task because of the constant changes produced in nat-
ural scenes: illumination changes, moving objects, changes
in the point of view, or occlusions, just to mention a few.
Because of the nature of the problem, a common way to
proceed is to discard most part of the image so that the anal-
ysis can perform over a reduced set of small candidate re-
gions. In [5], the authors propose a full-body detector based
on a cascade of classifiers [13] using HOG features. This
methodology is currently being used in several works re-
lated to the pedestrian detection problem [8]. GrabCut [11]
has also shown high robustness in Computer Vision seg-
mentation problems, defining the pixels of the image as
nodes of a graph and extracting foreground pixels via it-
erated Graph Cut optimization. This methodology has been
applied to the problem of human body segmentation with
high success [7]. In the case of working with sequences
of images, this optimization problem can also be consid-
ered to have temporal coherence. In the work of [4], the
authors extended the Gaussian Mixture Model (GMM) of
GrabCut algorithm so that the color space is complemented
with the derivative in time of pixel intensities in order to

include temporal information in the segmentation optimiza-
tion process. However, the main problem of that method is
that moving pixels corresponds to the boundaries between
foreground and background regions, and thus, there is no
clear discrimination.

Once determined a region of interest, pose is often re-
covered by the determination of the body limbs together
with their spatial coherence (also with temporal coherence
in case of image sequences). Most of these approaches are
probabilistic, and features are usually based on edges or ’ap-
pearance’. In [10], the author propose a probabilistic ap-
proach for limb detection based on edge learning comple-
mented with color information. The image of probabilities
is then formulated in a Conditional Random Field scheme
and optimized using believe propagation. This work has ob-
tained robust results and has been extended by other authors
including local GrabCut segmentation and temporal refine-
ment of the CRF model [7].

In this paper, we propose a full-automatic Spatio-
Temporal GrabCut human segmentation methodology.
First, subjects are detected by means of a HOG-based cas-
cade of classifiers. Face detection and skin color model
are used to define a set of seeds used to initialize Grab-
Cut algorithm. Spatial information is taken into account by
means of Mean Shift clustering, whereas temporal informa-
tion is considered taking into account the pixel probability
membership to an historical of Gaussian Mixture Models.
Moreover, the methodology is combined with Shape and
Active Appearance Models to define three different meshes
of the face, one near frontal view, and the other ones near
lateral views. Temporal coherence and fitting cost are con-
sidered in conjunction with GrabCut segmentation to allow
a smooth and robust face fitting in video sequences. Fi-
nally, The limb detection and CRF model of [10] is applied
over the obtained segmentation, showing high robustness
capturing body limbs because of the accurate human seg-
mentation.

The rest of the paper is organized as follows: Section 2
describes the proposed methodology, presenting the spatio-
temporal GrabCut segmentation, the Active Appearance



models for face fitting, and the pose recovery methodol-
ogy. Experimental results on two different data sets are
performed in Section 3. Finally, Section 4 concludes the

paper.

2. Full-body pose recovery

In this section, we present the Spatio-Temporal GrabCut
methodology to deal with the problem of automatic human
segmentation in video sequences. Then, we describe the
Shape and Active Appearance Models used to recover the
face, and the body pose recovery methodology based on the
approach of [10]. All methods presented in this section are
combined to improve final segmentation and pose recovery.
Figure 1 illustrates the different modules of the project.
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Figure 1. Overall block diagram of the methodolody

2.1. Spatio-Temporal GrabCut segmentation

In [I1], the authors proposed an approach to find a
binary segmentation -Background, Foreground- of an im-
age by formulating an energy minimization scheme as the
one presented in [1], extended using color instead of just
gray-scale information. Given a color image, let us con-
sider the array z = (z1,..., Zn, ..., 25) of N pixels where
zi = (R;,Gi, B;), i € [1,..., N] in RGB space. The seg-
mentation is defined as array o = («, ...an), a; € {0,1},
assigning a label to each pixel of the image indicating if it
belongs to background or foreground. A trimap 7' is de-
fined by the user -in a semi-automatic way-, consisting on
three regions: 1p, TF and Ty, each one containing initial
background, foreground, and uncertain pixels, respectively.
Pixels belonging to T’z and T are clamped as background
and foreground respectively -that means GrabCut will not
be able to modify these labels-, whereas those belonging
to Ty are actually the ones the algorithm will be able to
label. Color information is introduced by GMMs. A full
covariance GMM of K components is defined for back-
ground pixels (a; = 0), and another one for foreground
pixels (o; = 1), parametrized as follows

0 = {n(o, k), (e, k), B(a, k), € {0, 1}, k = 1.K},

oY)

being 7 the weights, ;¢ the means and ¥ the covari-

ance matrices of the model. We also consider the array

k = {ky, ...k, ..kn} k; € {1,..K}, i € [1,...,N] in-

dicating the component of the background or foreground

GMM (according to ;) the pixel z; belongs to. The energy
function for segmentation is then

E(a,k,0,z) =U(a,k,0,2) + V(a, z), 2)

where U is the likelihood potential, based on the probability
distributions p(-) of the GMM:

U(a,k,0,2) = Y —log plzi|as, ki, ) — log (e, k)
(3)

and V is a regularizing prior assuming that segmented re-
gions should be coherent in terms of color, taking into ac-
count a neighborhood C' around each pixel

V(a,z) =~ Z [atn # am] exp (=B|zm — 2zn|?)
{m,n}eC
“)

With this energy minimization scheme and given the
initial trimap 7', the final segmentation is performed using a
minimum cut algorithm [1]. The classical semi-automatic
GrabCut algorithm is summarized in Algorithm 2.1.

Algorithm 2.1: Original GrabCut algorithm.
1: Trimap T initialization with manual annotation.
2: Initialize a; = 0 forn € Tg and a; = 1 forn €
Ty UTg.
3: Initialize Background and Foreground GMMs from sets
an, = 0 and a,, = 1 respectively, with k-means.
Assign GMM components to pixels.
Learn GMM parameters from data z.
Estimate segmentation: Graph-cuts.
Repeat from step 4, until convergence

AN

Our proposal bases on the previous GrabCut framework,
focusing on human body segmentation and extending it by
taking into account temporal coherence. We refer to each
frame of the video as f;, ¢ € {1,..., M } being M the length
of the sequence. Given a frame f;, we first apply a per-
son detector based on a cascade of classifiers using HOG
features [5]. Then, we initialize the trimap 7" from the
bounding box B retuned by the detector: Ty = {2; € B},
Ts = {z; ¢ B}. Furthermore, in order to increase the



(a)
Figure 2. STGrabcut pipeline example: (a) Original frame, (b) Seed initialization, (c) GrabCut, (d) Probabilistic re-assignment, (e) Refine-
ment and (f) Initialization mask for fi41

(b) (c)

accuracy of the segmentation algorithm, we include Fore-
ground seeds exploiting spatial and appearance prior in-
formation. On one hand, we define a small central re-
gion R inside B and set these pixels as Foreground. On
the other, we apply a face detector based on a cascade of
classifiers using Haar-like features [13] over B, and learn
a skin color model hgy;,. All pixels inside B fitting in
hskin are also set to foreground. Therefore, we initialize
Tr = {z; € R} U{z; € 0(24, hskin)}, where 0 returns the
set of pixels belonging to the color model defined by h g, -
An example of seed initialization is shown in Figure 2(b).

Once we have initialized the trimap, we apply the itera-
tive minimization algorithm shown in steps 4 to 7 of origi-
nal GrabCut (algorithm 2.1). However, instead of applying
k-means for the initialization of the GMMs we use Mean-
Shift clustering, which also takes into account spatial co-
herence. After convergence, we obtain a segmentation ac
and the updated foreground and background GMMs 6" at
frame f;, which are used for further initialization at frame
ft+1. The result of this step is shown in Figure 2(c). Fi-
nally, we refine the segmentation of frame f; eliminating
false positive foreground pixels. By definition of the energy
minimization scheme, GrabCut tends to find convex seg-
mentation masks having a lower perimeter, given that each
pixel on the boundary of the segmentation mask contributes
on the global cost. Therefore, in order to eliminate these
background pixels (commonly in concave regions) from the
foreground segmentation, we re-initialize the trimap 7" as
follows

Te = A{zi|ley =0} U
t k t k
p(zila; = 0,k;, 07) p(zila; = 1,k;, 07)
sl y, > Y
k=t—j J k=t—j J
Ty {zila, =1} \ Tr
Tr = {zi € 0(2i, hskin)}

where the pixel background probability membership is
computed using the GMM models of previous segmenta-
tions. The result of this step is shown in Figure 2(d). Once
the trimap has been redefined, false positive foreground pix-
els still remain, so the new set of seeds is used to iterate
again GrabCut algorithm, resulting in a more accurate seg-
mentation, as we can see in Fig. 2(e). Finally, considering

}

()

(d) (e) ®

A as the binary image representing « at f; -the one obtained
before the refinement-, we initialize the trimap for f; 1 as
follows

Tr {Z{, €EAO STd}
Ty = {Zz S A@STS}\TF
Ts = {z,i=1.N}\(TrUTy) ©6)

where © and @ are erosion and dilation operations with
their respective structuring elements S7y and ST,. The
structuring elements are simple squares of a given size
depending on the size of the person and the degree of move-
ment we allow from f; to f;y1, assuming smoothness in the
movement of the person. An example of a morphological
mask is shown in Figure 2(f). The whole segmentation
methodology is detailed in the ST-GrabCut algorithm 2.2.

Algorithm 2.2: Proposed ST-GrabCut algorithm.

1: Person detection on f.

2: Face detection and skin color model learning.

3: Trimap T initialization with detected bounding box and
learnt skin color model.

4: Initialize a; = O forn € Tz and a; = 1 forn €
Ty UTp.

5: Initialize Background and Foreground GMMs from sets
an = 0 and a,, = 1 respectively, with Mean-shift.

6: fort=1.. M

7: Person detection on f;.

8 Assign GMM components to pixels of f;.

9 Learn GMM parameters from data z.

Estimate segmentation: Graph-cuts.
11: Repeat from step 8, until convergence
12: Re-initialize trimap 7" (equation 5).
13: Assign GMM components to pixels.
14: Learn GMM parameters from data z.
15: Estimate segmentation: Graph-cuts.
16: Repeat from step 12, until convergence
17: Initialize trimap 7" using segmentation obtained in

step 11 after convergence (equation 6) for fi1.
18: end for



2.2. Face fitting

Once we have properly segmented the body region, next
step consists of fitting the face and the body limbs. For the
case of face recovery, we base our procedure on mesh fitting
using Active Appearance Models (AAM), that benefits from
Active Shape Models and color and texture information [2].

Active Appearance Model is generated by combining
a model of shape and texture variation. First, a set of
points are marked on the face of the training images that
are aligned, and a statistical shape model is build [3]. Each
training image is warped so the points match those of the
mean shape. This is raster scanned into a texture vector,
g, which is normalized by applying a linear transformation,
g — (g — pgl)/o,, where 1 is a vector of ones, and /i,
and 03 are the mean and variance of elements of g. After
normalization, g''1 = 0 and |g| = 1. Then, eigenanalysis
is applied to build a texture model. Finally, the correlations
between shape and texture are learnt to generate a combined
appearance model. The appearance model has parameter ¢
controlling the shape and texture according to

=T+ Q,c (7)
g=7g+Q,c 8)

where T is the mean shape, g the mean texture in a mean
shaped patch, and Q,, Q,, are matrices designing the modes
of variation derived from the training set. A shape X in
the image frame can be generated by applying a suitable
transformation to the points, x : X = S;(x). Typically, S;
will be a similarity transformation described by a scaling s,
an in-plane rotation, ¢, and a translation (¢, ty).

Once constructed the AAM, it is deformed on the image
to detect and segment the face appearance as follows. Dur-
ing matching, we sample the pixels in the region of interest
g = 1u(g) = (u1 + 1)g;,, + uzl, where u is the vector
of transformation parameters, and project into the texture
model frame, g, = T, (g;,,). The current model texture
is given by g,, = g + Qg c¢. The current difference be-
tween model and image (measured in the normalized tex-
ture frame) is as follows

r(p) =g —gn ©)

Given the error £ = |r|?, we compute the predicted dis-
-1

placements dp = —Rr(p), where R = (%g—;) %.

The model parameters are updated p — p + kdp, where
initially k = 1. The new points X" and model frame tex-
ture g/ are estimated, and the image is sampled at the
new points to obtain g/, obtaining the new error vectoras
v =T,"g.,) — gh- A final condition guides the end of
each iteration: if [r'|?> < FE, then we accept the new esti-
mate, otherwise, we set to &k = 0.5, k = 0.25, and so on.
The procedure is repeated until no improvement is made to
the error.

Taking into account the discontinuity that appears when
a face moves from frontal to profile view we use three dif-
ferent AAM corresponding to three meshes of 21 points:
frontal view Sp, right laterial view S, and left laterial
view 7. In order to include temporal and spatial coher-
ence, meshes at frame f;; are initialized by the fitted mesh
points at frame f;. Additionally. we include a temporal
change-mesh control procedure, as follows

St—H = minc\;t+1{EgF,EgR,EgL},(\}H—l € V(St) (10)

where v(S3Y) corresponds to the meshes contiguous to
the mesh S fitted at time ¢ (including the same mesh). This
constraint avoids false jumps and imposes smoothness in
the temporal face behavior (e.g. a jump from right to left
profile view is not allowed).

In order to obtain a more accurate pose estimation, after
fitting the mesh, we take advantage of its variability to dif-
ferentiate among a set of head poses. We have defined five
different head poses: right, middle-right, frontal, middle-
left, and left. In order to define this set, the fitted frontal
meshes in the training set are classified in three different
poses: middle-right, frontal, and middle left, whereas the
training samples of the left and right meshes are directly
classified in full-left and full-right poses, respectively. In
order to learn the five different head poses, training images
are aligned, and PCA is applied to save the 20 most rep-
resentative eigenvectors. Then, a new mesh is projected to
that new space and classified to one of the five different head
poses according to a 3-Nearest Neighbor rule.

Figure 3 shows examples of the AAM model fitting in
natural images (obtained from [9]) for the three different
meshes.

Figure 3. From left to right: left, frontal, and right mesh fitting
using AAM.

2.3. Pose recovery

Considering the refined segmented body region, we con-
struct a pictorial structure model [6]. We use the method of
Ramanan [10, 7], which captures the appearance and spa-
tial configuration of body parts. A person’s body parts are
tied together in a tree-structured conditional random field.
Parts, [;, are oriented patches of fixed size, and their posi-
tion is parameterized by location (x,y) and orientation ¢.



The posterior of a configuration of parts L = [; given a
frame f; is

P(L|f)ocexp | > W(li, )+ Y ®LIf) | (D

(i.4)eE

The pairwise potential ¥(l;,1;) corresponds to a spatial
prior on the relative position of parts and embeds the kine-
matic constraints. The unary potential ®(I;|I) corresponds
to the local image evidence for a part in a particular position.
Inference is performed over tree-structured conditional ran-
dom field by sum-product Belief Propagation.

Since the appearance of the parts is initially unknown,
a first inference uses only edge features in ®. This deliv-
ers soft estimates of body part positions, which are used to
build appearance models of the parts and background (color
histograms). Inference in then repeated with ® using both
edges and appearance. This parsing technique simultane-
ously estimates pose and appearance of parts. For each body
part, parsing delivers a posterior marginal distribution over
location and orientation (x,y, ¢) [10, 7].

3. Results

Before the presentation of the results, we discuss the
data, methods and parameters of the comparative, and vali-
dation measurements.

o Data: We use the public image sequences of the
Chroma Video Segmentation Ground Truth (cVSG) [12], a
corpus of video sequences and segmentation masks of peo-
ple. Chroma based techniques have been used to record
Foregrounds and Backgrounds separately, being later com-
bined to achieve final video sequences and accurate seg-
mentation masks almost automatically. Some samples of
the sequence we have used for testing are shown in Fig-
ure 4(a). The sequence has a total of 307 frames. This im-
age sequence includes several critical factors that make seg-
mentation difficult: object textural complexity, object struc-
ture, uncovered extent, object size, Foreground and Back-
ground velocity, shadows, background textural complexity,
Background multimodality, and small camera motion. Al-
ternatively as a second database we have also used a set
of 30 videos corresponding to the defense of undergraduate
thesis at the University of Barcelona to test the methodol-
ogy in a different environment (UBDataset). Some samples
of this data set are shown in Figure 4(b).

o Methods:

We test the classical semi-automatic GrabCut algorithm
for human segmentation comparing with the proposed ST-
GrabCut algorithm. We also test the mesh fitting and body
pose recovery methodologies over the obtained segmenta-
tion.

o Validation measurements: In order to evaluate the ro-
bustness of the methodology for human body segmentation,

(b)
Figure 4. (a) Samples of the cVSG corpus and (b) UBDataset im-
age sequences.

face and pose fitting, we use the ground truth masks of the
video sequences to compute the overlapping factor O as fol-

lows
_ 2 MgcnMar
> Mgc U Mgr
where Mgc and Mg are the binary masks obtained for

spatio-temporal GrabCut segmentation and the ground truth
mask, respectively.

0] (12)

3.1. Spatio-tempral GrabCut Segmentation

First, we test the proposed ST-GrabCut segmentation on
the sequence from the public cVSG corpus. The results for
the different experiments are shown in Table 1. In order
to avoid the manual initialization of classical GrabCut al-
gorithm, for all the experiments, seed initialization is per-
formed applying the commented person HOG detection,
face detection, and skin color model. First row of Table 1
shows the overlapping performance of 12 applying GrabCut
segmentation with k-means clustering to design the GMM
models. Second row shows the overlapping performance
considering Mean Shift clustering to design the GMM mod-
els. One can see a slight improvement when using the sec-
ond strategy. This is mainly due to the fact that Mean Shift
clustering takes into account spatial information of pixels
in clustering time, which better defines contiguous pixels of
image to belong to GMM models of foreground and back-
ground. Third performance in Table 1 shows the overlap-
ping results considering the morphology refinement based



(a)

Figure 5. Segmentation examples of (a) UBDataset sequence 1, (b) UBDataset sequence 2 and (c) cVSG sequence.

on previous segmentation. In this case, we obtain near
10% of performance improvement respect the previous re-
sult. Finally, last result of Table 1 shows the full-automatic
ST-GrabCut segmentation overlapping performance. One
can see that it achieves about 25% of performance improve-
ment in relation with the previous best performance. Some
segmentation results obtained by the GrabCut algorithm for
the cVSG corpus are shown in Figure 5. Note that the ST-
GrabCut segmentation is able to robustly segment convex

regions. We have also applied the ST-GrabCut segmenta-
tion methodology on the image sequences of UBDataset.
Some segmentations are shown in Figure 5.

3.2. Face fitting

In order to measure the robustness of the spatio-temporal
AAM mesh fitting methodology, we performed the over-
lapping analysis of meshes in both un-segmented and seg-
mented image sequence of the public cVSG corpus. Over-



Figure 6. Samples of the segmented cVSG corpus image sequences fitting the different AAM meshes.

Approach Mean overlapping
K-means 0.5356
Mean-shift 0.5424
Morphology 0.6229
ST-GrabCut 0.8747

Table 1. GrabCut and ST-GrabCut Segmentation results on cVSG
corpus.

Approach Mean overlapping
Mesh fitting without segmentation 0.8960
ST-Grabcut & Temporal mesh fitting 0.9636

Table 2. AAM mesh fitting on original images and segmented im-
ages of the cVSG corpus.

Face view Percentage of frames
Left view 0.1300
Near Left view 0.1470
Frontal view 0.2940
Near Right view 0.1650
Right view 0.2340

Table 3. Face pose percentages on the cVSG corpus.

lapping results are shown in Table 3. One can see that the
mesh fitting works fine in unsegmented images, obtaining
a final mean overlapping of 89.60%. However, note that
combining the temporal information of previous fitting and
the ST-GrabCut segmentation, the face mesh fitting consid-
erably improves, obtaining a final of 96.36% of overlap-
ping performance. Some example of face fitting using the
AAM meshes for different face poses of the cVSG corpus
are shown in Figure 6.

Finally, we have tested the classification of the five face
poses on the cVSG corpus, obtaining the percentage of
frames of the subject at each pose. The obtained percent-
ages are shown in Table 3.

3.3. Body limbs recovery

Finally, we combine the previous segmentation and face
fitting with a full body pose recovery [10]. In order to show
the benefit of applying previous ST-GrabCut segmentation,
we perform the overlapping performance of full pose recov-
ery with and without human segmentation, always within

Approach Mean overlapping
Limb recovery without segmentation 0.7919
ST-Grabcut & Limb recovery 0.8760

Table 4. Overlapping of body limbs based on ground truth masks.

the bounding box obtained from HOG person detection. Re-
sults are shown in Table 4. One can see that pose recovery
considerably increases its performance when reducing the
region of search based on ST-GrabCut segmentation. Some
examples of pose recovery within the human segmentation
regions for cVSG corpus and UBdataset are shown in Fig-
ure 7. One can see that in most of the cases body limbs
are correctly detected. Only in some situations, occlusions
or changes in body appearance can produce a wrong limb
fitting.

Finally, in Figure 8 we show the application of the whole
framework to perform temporal tracking, segmentation and
full face and pose recovery. The colors correspond to the
body limbs. The colors increase in intensity based on the
instant of time of its detection. One can see the robust detec-
tion and temporal coherence base on the smooth displace-
ment of face and limb detections.

4. Conclusion

In this paper, we presented an evolution of the semi-
automatic GrabCut algorithm for dealing with the problem
of human segmentation in image sequences. The new full-
automatic ST-GrabCut algorithm uses a HOG-based per-
son detector, face detection, and skin color model to ini-
tialize GrabCut seeds. Spatial coherence is introduced via
Mean Shift clustering, and temporal coherence is consid-
ered based on the historical of Gaussian Mixture Models.
The segmentation procedure is combined with Shape and
Active Appearance models to perform full face and pose
recovery.

This general and full-automatic human segmentation,
pose recovery, and tracking methodology showed higher
performance than classical approaches in public image se-
quences from uncontrolled environments, which makes it
useful for general human face and gesture analysis applica-
tions.



Figure 7. Pose recovery results in cVSG sequence

One of the limitations of the method is that it depends on
the initialization of the ST-GrabCut algorithm. Moreover,
due to its sequential application, false seed labeling can ac-
cumulate segmentation errors along the video sequence. As
next step we plan to extend the limb recovery approach so
that more complex poses and gestures can be recognized.
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Figure 8. Application of the whole framework (pose and face
recovery)
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