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Abstract

This paper presents performance evaluation of
silhouette-based action recognition from virtual hu-
man silhouette(VIHASI), which is publicly available. We
especially evaluate action recognition performance based
on tensor analysis. We applied tensor analysis for the
silhouette data itself after sampling the same number of
silhouette frames from given sample frames. Geometric
manifold embedding based on tangent bundle is applied
and shows better performance compared with baseline
performance.

1. Introduction

Understanding human activity is very useful in many ap-
plications; human activity recognition system can be used
for visual surveillance systems [9], human-computer inter-
actions based activity recognition [2], activity analysis from
video analysis especially for sports videos, and so on. There
has been a lot of research works related to activity recogni-
tion including gait analysis.

Recently, there are many research works related to hu-
man activity recognition [1], especially from video se-
quences. For better understanding of human activity, new
features for activity recognition are proposed; modeling of
the events in higher level are tried; even social relations are
also considered [16] for better tracking and understanding
of human activity.

For robust understanding of human activity in variant il-
lumination, color, and background, silhouette data has fre-
quently been used for activity recognition systems [4] and
some silhouette databases are available for activity recogni-
tion especially gait recognition from CMU [3], Southamp-
ton [5], and USF [10]. However, there are few database
which provides very accurate silhouette database with vari-
ous activities, view variations, subjects. The virtual human
action silhouette(ViHASi) data, which are publicly avail-

able, provides silhouette activity sequences generated using
MotionBuilder graphics tools. The data base provides var-
ious view and different characters with 20 activities. This
database can be used as a reference performance evalua-
tion of activity recognition system based on silhouette se-
quences.

Recently there has been several approaches to recog-
nize activities using tensor analysis. TensorGait is a model
to apply tensor analysis for gait sequence from silhouette
data [8]. Resampling based on circular manifold embed-
ding is proposed to estimate the same frame number from
gait sequence in different walking speed [7]. Tensor anal-
ysis based on within-class and between-class similarity is
used for better recognition of individuals from gait se-
quences [15]. Based on tensor decomposition of activity se-
quence, tangent bundle on a Grassmann manifold is used for
measurement of similarity from activity videos [12]. This
is a kind of matrix manifold. More information about ma-
trix manifold and its application in computer vision can be
found from the review paper by Lui [11].

The paper applied for appearance video sequence activ-
ity recognition. In this paper, we applied the tangent bundle
on a Grassmann manifold for activity recognition from sil-
houette data. We present a new and convenient silhouette
normalization method based on given sequence without re-
sampling. The proposed method shows better recognition
performance compared to the baseline performance [13].
This is the first step to evaluate different tensor based ap-
proach for activity recognition from silhouette data.

2. Silhouette sequence processing

2.1. VIHASI database

The virtual human action silhouette(ViHASi) was gener-
ated for the purpose of evaluating various action recognition
methods based on accurate silhouette data. The database
provides 20 action sequences for 9 actors with up to 12 dif-
ferent viewpoints. 40 equally spaced different camera views
with two sets of camera views are provided for evaluation



of novel test cameras. We processed silhouette data based
on the folder structure of the database. The order of the ac-
tion index and the character index follows alphabetic orders
as following tables shows.

Table 1. Action class names and its indexes

index action name index action name
1 Collapse 11 KnockOutSpin
2 Granade 12 Punch
3 HangOnBar 13 Run
4 HeroDoorSlam 14 RunPullObject
5 HeroSmash 15 RunPushObject
6 JumpFromObject 16 RunTurn90Left
7 JumpGetOnBar 17 RunTurn90Right)
8 JumpOverObject 18 StandLookAround
9 Kicks 19 Walk
10 Knockout 20 WalkTurn180

In the case of character, we basically manage each folder
as different subjects even though some of the sequences are
from the same object in different views. Table 2 shows used
character names and their index. When we test novel cam-
era, however, we manage to combine the same object in
different view as a single character data.

Table 2. Character names and its indexes
index action name index action name

1 Gaulix1 7 Man4
2 Gaulix2* 8 MiaWorm
3 Humanoid1 9 Player
4 Humanoid2* 10 Wom1
5 Kids 11 Wom2
6 Man3
*: same character with different viewing sets

2.2. Silhouette representation

We represent each shape instance as an implicit function
y(x) at each pixel x such that y(x) = 0 on the contour,
y(x) > 0 inside the contour, and y(x) < 0 outside the
contour. We use a signed-distance function such that

y(x) =

⎧⎨
⎩

dc(x) x inside c
0 x on c
−dc(x) x outside c

where the dc(x) is the distance to the closest point on the
contour c with a positive sign inside the contour and a neg-
ative sign outside the contour. Such representation impose
smoothness on the distance between shapes. Given such
representation, the input shapes are points yi ∈ R

d, i =
1, · · · , N where d is the same as the dimensionality of the

input space and N is the number of points. Implicit function
representation is typically used in level-set methods.

2.3. Spatial normalization:cropping and centering

Given silhouette data contains different number of
frames in different actions and silhouettes are located in
different places; the center of the silhouette moves due to
actions and different view sets. In the action recognition
based on silhouettes the normalization of silhouette location
is very important; most action features based on silhouettes
are dependent on the location of the silhouette in the image
space. Therefore, we need to crop and normalize silhouette
locations.

We first find the largest image blobs from a given sil-
houette data; in the given database, all the silhouette have
well segmented and we can just use one image blobs as
the largest image blobs. Then, we find the weight center
based on foreground silhouette data. After finding the cen-
ter of silhouette image, we need to crop the silhouette image
around the center of the silhouette images. If we just use the
center (x,y) points as the image center, the center will move
around frequently during sequence of action; small move-
ment of hand can cause change of a center location and
moves the center of silhouette images. To overcome such
a problem, we find a dominant axis of the silhouette data;
in the most standing pose, the y axis (vertical axis) will be
longer than x axis(horizontal axis), and the dominant axis
is y axis in this case. After finding out the dominant axis,
we normalize the center of the dominant axis moves to have
equal distance into the blobs of extracted silhouette; we use
center of the silhouette images for the other axis. Then the
cropped image are normalized with equal sized images. In
our experiments, the original images are normalized into
100 x 100 size images. Fig. 1 (b) shows cropped images
after spatial normalization.

2.4. Temporal normalization: resampling to the
same number of frames

The same number of image frames for each sequence is
required to achieve tensor, or multilinear analysis [6, 14]
of human action sequence from multi-dimensional array
structure. Dynamic time warping can be used for tem-
poral alignment of motion. Iterative temporal segmenta-
tion for best recognition tasks can be one of the ways to
achieve good segmentation with good recognition perfor-
mance [13]. Resampling based on manifold embedding can
also be used [8]. Here we use relatively simple method
based on known temporal segments.

For any given sequence with frame number N , we can
find approximately equal interval M samples which is less
than N by

�N
M

,
2×N

M
,
3×N

M
, · · · , N� (1)



Figure 1. Spatial normalization of silhouette data. Top: original silhouette images. (b) Middle: spatial normalized silhouette images. (c)
Bottom: signed distance representation of the cropped images.

, where � x� means rounds the elements of x to the nearest
integers towards infinity. This simple sampling method pro-
vides equal number of frame from a given sequence without
resampling.

3. Tensor Based Human Activity Recognition

For the tensor-based human activity recognition from sil-
houette, we need to collect with multi-dimensional array.
VIHASI database consists of 20 actions with at least 12 dif-
ferent views, 11 actors (here, we consider different view of
the same actor as a different actor for convenience.), from
20 to 80 frames per sequences. We resampled the image
size into 20 × 20 and each sequence with 20 samples by
temporal normalization described in Sec. 2.4. This database
can be collected into multi-dimensional array and can be
factorized using higher-order singular value decomposition
(HOSVD) [6] [14] as follows:

D = Z ×R ×C × F × V × S ×A (2)

, where D is a data tensor with dimension Rn×Cn×Fn×
Vn × Sn ×An, Z is a core tensor with the same dimension
as data tensor, R is a row orthogonal basis with dimension
Rn × Rn, C is a column basis, F is a frame basis, V is a
view basis, and A is a action basis. Fig. 2 shows examples
of basis vector embedding in each subspace. We plotted in
the 3 dimensional space using the first three elements for
visualization purpose.

3.1. Tangent bundle for silhouette sequences

An action video can be represented by a third order ten-
sor by r × c × f . Data tensor can be factorized to a set of
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Figure 2. Examples of tensor subspace embedding. Left: style
subspace. (b) Middle: view subspace. (c) Bottom: action sub-
space.

tangent spaces on a Grassmann manifold. In order to re-
side on the same Grassmann manifold, all factorized com-
ponents are rescaled to have the same dimension. Distance
on a Grassmann manifold can be estimated by means of tan-
gent bundles.

The tangent bundle on a manifold is a set of tangent
spaces to the manifold M defined as [12]:

T (M) =
⋃

x∈M
TxM, (3)

where TxM is the tangent space at the point x.

The logarithmic mapping, which is inverse of the expo-
nential mapping, can be used to project a tangent space for
associated points x on the manifold. Since the canonical
metric on Grassmann manifold provides a means to mea-
sure the length of tangent vectors, the intrinsic distance for
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Figure 3. Pairwise distance matrix on a tangent space

the tangent bundles can be defined as follows:

N∑
k=1

tr{δTk δk}, (4)

where the δk is the tangent vectors computed from the kth

tangent plane, and N is the order of the data tensor. The
estimated intrinsic distance can be used for action classifi-
cation.

4. Experiments

We followed the same first four protocols proposed
in [13] for VIHASI to evaluate performance of action recog-
nition from silhouette using tangent bundle. We represent
each silhouette action sequence by 20×20×20 a third order
tensor; images are resampled to have size 20 × 20, and the
temporally normalized to have 20 frames in each sequence.
For all four cases, the proposed method shows better action
recognition performance compared to the baseline results
presented in [13].

4.1. Leave-One-Out Cross Validation

In this experiments, we estimate performance of action
recognition in different sets. In the original experiment pro-
tocol, for each test action sequence, feature vectors in dif-
ferent camera view was removed. In our case, we represent
feature vectors invariant to different camera views. The ac-
curacy of the recognition is 99.47% with 2626 true posi-
tive(TP) and 14 false positive(FP). Table 3 shows confusion
matrix for overall dataset. Fig. 3 shows pairwise distance
based on our tangent bundle approaches.

4.2. Identical Train and Test Actors: Novel Test
Cameras

For the novel test camera, we collected new data for the
2 actors (A1, A2) since previous data set contains common
viewing angle. Here, 40 viewing angle for each subject is
counted and trained for common view (V1, V3, V5, V7, V9,
V11, V132, V15, V17, V19) and tested for the rest of cam-
era views. Overall, the accuracy is 1196TP/(1196TP+4FP)
= 99.67%, which is higher than the baseline accuracy
96.42%. Table 4 shows action recognition confusion ma-
trix of this system.

4.3. Identical Train and Test Cameras: Novel Test
Actors

In this novel actor test case, we trained action data for
subject (A1 and A2) and tested with the rest of the actors
(A3, A4, A5, A6, A7, A8, A9). Our approach achieved
98.98% accuracy which is higher than the baseline accuracy
98.04%. Detailed confusion matrix was given in Table 5.

4.4. Novel Test Actors: Novel Test Cameras

This novel test actors and novel test cameras is the most
challenging case among the test four cases. We collected
new data samples for this experiments as we need to dataset
with (V2, V5, V7, V10, V12, V15, V17, V20) from actor
(A1, A2) for training and we need test data for the rest of
the data set except actor (A1 and A2). The performance
reduced a little compared to other case; it shows good per-
formance with recognition rate 98.87% ( 1661 TP /(19FP +
1661 TP)), whereas the baseline performance reduced into
89.82% with large drop of its performance. Overall confu-
sion matrix was presented in Table 6.

5. Conclusions and Future Works

In this paper, we presented a novel approach for silhou-
ette based action recognition based on Gassmann manifold
embedding and distance measurement in this embedding
space based on tangent bundle. In addition, we presented
practical preprocessing and normalization method for ex-
tracted silhouette normalization, which will be very impor-
tant for real silhouette dataset.

As the real video based data is available, we would like
to apply proposed method to real dataset. In addition, we
showed partial data of our experiment for VIHASI. We plan
to complete our experiments with similar condition as the
baseline case. Furthermore, we briefly explained other ten-
sor based approach and did not have enough time to test and
compare performance in different approach. We would like
to further experiment for this VIHASI dataset using iterative
tensor analysis and manifold embedding.
Acknowledgements: This research was financially sup-
ported by the Ministry of Education, Science Technol-



Table 3. Confusion matrix: leave-one-out evaluation result

Action A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20
A1 132 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A2 0 132 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A3 0 0 132 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A4 0 0 0 132 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A5 0 0 1 0 130 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
A6 0 0 0 0 0 132 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A7 0 0 0 0 0 0 132 0 0 0 0 0 0 0 0 0 0 0 0 0
A8 0 0 0 0 0 0 0 132 0 0 0 0 0 0 0 0 0 0 0 0
A9 0 0 0 0 0 0 0 0 132 0 0 0 0 0 0 0 0 0 0 0
A10 0 0 0 0 0 0 0 0 0 132 0 0 0 0 0 0 0 0 0 0
A11 0 0 0 0 0 0 0 0 0 0 132 0 0 0 0 0 0 0 0 0
A12 0 0 0 0 0 0 0 0 0 0 0 132 0 0 0 0 0 0 0 0
A13 0 0 0 0 0 0 0 0 0 0 0 0 132 0 0 0 0 0 0 0
A14 0 0 0 0 0 0 0 0 0 0 0 0 0 132 0 0 0 0 0 0
A15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 132 0 0 0 0 0
A16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 132 0 0 0 0
A17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 132 0 0 0
A18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 132 0 0
A19 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1 0 0 0 120 6
A20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 132

Table 4. Confusion matrix: novel camera evaluation result

Action A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20
A1 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A2 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A3 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A4 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A5 0 0 2 0 57 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
A6 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A7 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0
A8 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0
A9 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0

A10 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0 0
A11 0 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0
A12 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0
A13 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0
A14 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0
A15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 59 0 0 0 1 0
A16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0 0
A17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0
A18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0
A19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0
A20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60

ogy (MEST) and National Research Foundation of Ko-
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