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ABSTRACT

Martial art actions can be represented via VRML
animations or extracted by video tracking. We propose an
action retrieval method, which allows users to retrieve
similar actions of martial arts. The mechanism is based on
a similarity function that compares animation tracks. A
representation of human skeleton includes head, knee,
elbow, wrist, etc further aggregates important features in
martial art actions. Different weights are dynamically
calculated according to motion sensitivity of feature points.
As a result, the system can automatically retrieve similar
martial art actions, The results are tested by professional
kung fu master with a good satisfaction.
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1. INTRODUCTION

Automatic retrieval of actions in 3D space is a challenge
but useful technique. Examples of behavior understanding
of video can be found in [I, 2]. Motion tracking and
recognition of human interactions by a multi-layer finite
state machine is presented in [1]. By using body pose
vectors, human action recognition is presented in [2].
With recent Virtual Reality technologies, movies can be
made my VR-based or Augmented Reality-based actors.
Retrieval of actors in a 3D scene become a useful
technology [3, 5], if animated actors in a scene database is
to be reused [4]. In stead of using user pre-defined
metadata [4], 3D animations should be retrieved based on
the existing animation models. We look at one particular
domain as an example showing our contribution and its
possible extensions, Martial arts can be represented as
VRML animations. A particular martial art, known as the
Bar-Chi Spar, is our target application. Bar-Chi Spar was
originated in Ho-Bai, China, in around 1368, The unique
basic action of Bar-Chi Spar is clear, fast, powerful, and
smooth. According to our Bar-Chi Spar guru, the use of
head, shoulder, elbow, pud, tail, crotch, knee, and foot are
the features which represent different sets of spar actions.
Assuming that these features can be extracted from a
VRML model, which teaches Bar-Chi Spar, it is possible
to record the animation tracks of these important portions
of a human body and to save it for comparison. Thus, an
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automatic retrieval system tells the user which set of spar
actions is similar to the one he/she is learning.

In order to compare the animation tracks of different
feature points, a normalization technique is required since
different VRML actors may have different highs and
weights. Also, animation tracks may have different
lengths. We present the normalization of action tracks in
section 2. A skeleton is required to represent human body,
which is presented in section 3. A distance function which
aggregates feature points in Bar-Chi Spar is presented in
section 4. OQur system is implemented using the 3D Studio
Max and the Cortona VR Player, We compare the
retrieval outcome with the reviews from three kung fu
masters in section 5, before our conclusion section is
presented.

2. NORMALIZATION OF ACTION TRACKS

Object animation tracks are not necessary represented
with the same amount of tracking points. It is necessary to
normalize animation tracks before we use these tracks in a
similarity function. One way to normalize number of
tracking points in two tracks is to add interpolation points.
According to 3D geometric, three feature points form a
circle in the three dimensional space. With a limited
granularity, it is reasonable to use interpolated points on
the circle as an approximation of an animation track.
Assuming that we have three points P1=(x151,zl),
P2=(x2,y2,22}, and P3=(x3,y3,23). Also, let point (X, Y, Z}
represents the center of the circle. We can form the
following three equations:

QU=X1-X2, B1=Y1-Y2, Mi=Z1-22, 02=X2-X3, B2=Y2-Y3,
Ar=7Z2-73

QY Xt Bi® Yo Ay* 2= C) voveeecescesssevesomeeseeneemsecesssser e eeeee )

2% X By® Y As® Z = Cp eovoeeeoeeereeees s eeerm e e @)

(Br*Az- A B XH( Ap*on - o *A* Y H o *Ba By *ap)*Z =
3 e trrnrri e reseee st bbb e et et asa s et em e nanmenaan e b 3)

where C,, C;, and C; are constants. The first two
equations represent two plans based on lines {P1, P2},
and {P2, P3}, respectively. Equation (3) represents a plan
from the three points, P1, P2, and P3. By substituting
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(x1+x:)/2, (vity:)2, and (z;+z2)2 for X, Y, and Z,
res?ective}y, in equation (1), we have C;=[(x12+y12 +7,%) -
(x2 +y22 +z;))/2. Similarly, we have C3=[(:>‘:lz+y:2 + 250 -
(x3°+ys + z:9))/2. Substituting xy, y|, z for X, Y, and Z in
D yields Cr=(B1*A2-A* B * 1+ (A *ar-a*Ay)
*yi 4+ (a,*Ba- Bi* as) * z,. With the values of C,, Cs,
and C;, we use Gauss elimination to solve the above three
equations,

Figure 1: Adding an Interpolation Point w’.

To find an interpolated point on the circle, as illustrated in
figure 1, we find the value of point w first. Since wis on a
line constructed by points O and R, we have w=(1-1)*Q +
A*R, where A =[0..1]. Assuming that r is the radius of the
circle (ie., r = |[PQ||, or the distance between P and Q),
we have Pw’= Pw /|[|Pw]| * r. Thus, the interpolated point
w’ is obtained. Note that, the interpolated points can be
multiple. The number of interpolated points depends on
the length between two tracking points, as well as the
length of track. The normalization procedure takes two
steps. The first step add interpolated points among
tracking points such that two tracks to be compared result
in the same number of points (interpolated points plus
tracking points). The second step normalizes the lengths
of tracks. The PCA mechanism applied to the bounding
boxes of the two action tracks is used.
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Figure 2: A Human Body Skeleton

3. REPRESENTATION OF SKELETON

A body skeleton for action tracking can be represented by
16 feature points, as illustrated in figure 2. These feature
points are constructed as the first representation of VRML
object, which stores a Bar-Chi Spar. In figure 3, each of
these 16 feature points are represented. The second
representation of a VRML object draws the avatar (shown
in figure 5). In a practical situation, some feature points
are less significant as compared to some points with a
high momentum. For sack of computation efficiency,
some of the feature points are omitted. In addition,
momenta are computed based on portions of a human
body. For instance, left thigh, left knee, and left foot are
considered as an aggregation. In our model, we estimate
the momenta of the following four portions:

Left Hand = left shoulder + left elbow + left wrist
Right Hand = right shoulder + right elbow + right wrist
Left Leg = left thigh + left knee + left foot

Right Leg = right thigh + right knee + right foot

According our Bar-Chi Spar master, the omitted features
peints (i.e., hip, spine, neck, and head) does not play
important roles in spar actions.

L . HERIN oot ok

- Figure 3: Feature Points of a Bbdy Skeleton an
Animation Tracks (with Interpolation Points)

4. SIMILARITY OF SPARS

The implementation of our system requires a VRML
parser, which decompose objects of a spar avatar into
different sections. We only consider coordinates and sizes.
Color information and appearance (i.e., material) are not
used. Coordinate information include rotation and
translation. It is necessary to convert rotation information
into relative coordinates, with size information normalized
in a post process. According to the skeleton, rotations
inciude multiple origins, For instance, the rotation of left
knee is based on the rotation of left tight. Assuming that
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p1 represents the feature point of left thigh and p,
represents the left knee, and pi=(x;,y1,2,), p2=(%2,¥2,%2).
We can use:

a%(1-cosB) + cos0  ab(1-cos0) - ¢ sind ac(1-cosd) + b sind
R =| ab(1-cos8) +c siné b*(1-cos0) + cos®  be(1-cosd) - a sind
ac(1-cos0) —b sin® be(}-cosB) + asin® ¢(1-cosP) + cosd

where (a, b, ¢, 8) represents the rotation vector and angle.
This yields p2’=R e py + pi=(x2"tx;, y2'+y.. Z2"+2(). And
p:’ is the final coordinate. After rotation information is
converted, spar avatars contain only relative coordinates,
These coordinates are consecutive points which can be
subdivided into series of vectors. Assuming that each of
the two vector series of two avatars contains a pair of
pOintSs (pl’pz) and (P1 ! 1p2,)a and Pt={xl,)’1,z;),
pr=(Xy,yz,22),  PUS(XLY0,E0),  p’=(xy2’,2"). Let

V= (VX =x;-%1, VY =y>¥y,, VZ=2»7))
V= (Vx'=x,"-x", Vy'=y2"-y, , VZ'=2y"-2")

The difference of the two vectors is d = [Vx-Vx’| + [Vy-
Vy'| + |Vz-V2’|. When we compare the differences
between two spar tracks, the differences of vectors are
accumulated, To compare two Bar-Chi Spar actions, not
only the tracks of feature points are considered. The
significance of each feature point is very important,
according to our kung fu guru. As we mentioned before,
we disregard some feature points such as hip and spine.
And, we treat hands and legs as aggregated units. This is
due to the fact that, shoulder, elbow, and wrist are
naturally connected. Thus, we differentiate the degree of
momenta among left hand (LH), right hand (RH), left leg
(LL), and right leg (RL). The first approach of our
similarity function which compares two Bar-Chi Spar
actions only relies on adding weights to the above 4
aggregated units. Suppose that a query spar has degree of
momenta sorted as RH > LH > RL > LL. And, let RH,,
LH,, RL4, and LLy be the differences of feature point
vectors between the query spar and a target spar. We
further enhance the accumulated similarity measure as:

d= g *Rﬂd+ﬂ2*LHd+H3 * RLd+n4“ LL,4

The weights should be arranged in a non-increasing order
(i.e., 0y >= ny >= ny >= ny). Note that, a default setting in
our system is oy = 4, n; = 3, ny = 2, and ny= 1. However,
the weights can be adjusted by a kung fu master. Another
approach to enhance the significance of feature points
relies on the momenta as well, However, the relation of
aggregated units in a body skeleton is also considered. We
propose a skeleton discrimination tree, which is
constructed for each query action. For instance, if LH, >
RHy > LL, > RL,, the tree is show in figure 4. According
to the human skeleton, actions are discriminated into five
categories, The category distance between category A and
the rest are 1, 2, 3, and 4 for categories B, C, D, and E,

respectively. For instance, category D include a case RH,

> LH, > LL4 > RLy, which has distance 3 from category A.

In addition, a special condition (shown as “Special”} is
used with different weights in the tree. Note that, there are
24 cases based on the momenta. Each case has its
discrimination tree. The result s used in weight
calculation {i.e., the use of n,, ny, n3, and ng). If two spars
are in the same category, the weights are the same.
Otherwise, the weights are decided by the distance (i.c.,
dis in table 1). The weights are added according to the
order of body portions in the query action, Portions of the
same kind in both the query and the target actions use the
same weights for enhancement. The effect will enlarge the
differences of potions with larger momenta, which arg
important according to our kung fu master.

Figure 4: Skeleton Discrimination Tree

Table 1: Weights for Similarity Calculation

‘ Groups A B ] C | . D E J
disto A | (dis=0) | (dis=1) | (dis =2) | (dis=3) | (dis =4}
1, 1 2 3 4 5
ny 1 1 2 3 4
fy 1 1 1 1 1
n 1 1 1 I 1

" 5.EXPERTMENTAL RESULTS AND ANALYSIS

We constructed 16 Bar-Chi Spar actions. Each spar is
used as a query to compare the similarity with other spars.
However, we divide the rest 15 spars into three groups for
an easier comparison by human. A query spar is
compares to 5 spars in a group, with results range from 1
(more similar) to 5 (less similar). Three Bar-Chi Spar
gurus give the comparison with the help of our graduate
students. The average similarities from the three experts
are shown in table 2. The results of similarity distance
from computer are shown in table 3 (see an example in
figure 5). If the momenta of the 4 body portions have the
same weight, the results are less realistic. If we use the
default weights (i.e., n; =4, n; =3, n3 = 2, and ny= 1), the
results are acceptable. Finally, the adjustable weights in
table 1 yield a best solution (with actual distance between
spars shown in table 3).
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Table 2: Similarity Averages from 3 Kung Fu Gurus

A few issues are listed in our future work. Firstly, since

el il faa]se]ssfo]n|ufa]ulu]is]us the movements in Bar-Chi Spar are relevant to the center
T 7 37 3 13 30 5 4 L7 267 1e7lio3 187 493 4 67 of a human body, it is easier to normalize the scale of
2 | 13 43 13 43]a7 37 13 167 17167 187 4 433 3B monllenta'_ But, m“()ther application domains (e.g.,.lCE
e 37 27 23 233 131 03 05 4 |37 3 4 skating, jump, skiing, etc), redundant track portlons
s as 3 as il s s as 4 2l 2 osmoae 267 3w shquld be eliminated. However, to decompo§e a series of
5 2 1 47 37 747 37 1 a7 2 2 T 467 433 3 a(.tthIlS and to ex_n‘aCt kcy features arfe dtﬂicu}:nsn;lce
v N d:fferen.t sp_orts might hav; dlf’.ferent ocuses. other
future direction of our work is to incorporate multiple spar
7 143 3 1 4 27113 ! 300167 433333 433 167 433 113 . . .
] players. Spatial and temporal relations are used to estimate
8 3 27 1 4 3 3 1 7 43 8 3 387 167 367 | . . . . . . . .
— the interactions. Finally, with object extractions in video
2 . 4, . N . .. X 33 467 433 26 oo . A
I e B technology, it is possible to analyze spar actions by real
13 27 43 43 23 5 33 23 23 2 1 3 4 333 167
o] persons.
11 3 2 3 47 2 4 4 27 13 3 2 1 43} 4 367 e
12wy 27 4 5 LTy 4 AT 23 27 23323 267 167 333 3
i3 3 LT 43 47 1347 317 7 1 3 2 133 4 4 167
14 J23 43 2 23 4 ]13 17 3 4 5 4 2 3 4 2
15 30033 37 23 27Q43 4 3 2 1 4133 3 4 3133 k]
16 J43 27 | 4 3033 13 17 4 46753133 267 233 3 367
Table 3; Similarity Distances from Computer
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1&
1 0| 5216 j11303] 5532 | 5252 |12107|10426] 10286 [ 5940 | 4B80 | 4533 | 4945 | 4931 | 18716] 6293 | 10450
2155481 0 [ 8161|4368 | 1505 [13642| 7519 | 7327 | 4078 { 3858 | 4284 | 4104 | 1548 |17468] 5432 | 7540
I N2I7L{L0472) O 110835 104521 L7007 | S952 | 6674 | 10320 10323 | 11473 10818 10254| 20708} 11326] S617
46115 {4363 F 8687 | 0 | 4368 {13166| 8176 | BOT3 [ 6069 | S282 [ 4677 | 4970 | 3905 | 18925f 5502 | 8176
5| 5568 1 1457 ) 2026 | 4364 0 [13495] 7385 | 7193 | 4034 | 3460 [ 4101 | 3927 | 1138 | 17008] 3106 | 7406
& {12083 13531 F15574| 1309713429 0 |i5126]15171]13332] 13636|i3196)13667]13057|22340] 13285115134/ . : . . . .
Figure 5: Five Spar Actions Retrieved from a
F11731| 9702 | 6067 | 1033071 9682 1166801 0 6370 | 9398 | 9454 [10RB40]10092| 9484 | 20724| 11045} 3862 Query (the Upper-Left VRML Viewer)
B LIS19] 9249 | 6721 | 9962 | 9228 [16264] 6302 | 0 [ 9030 { 9378 [10349]10033| 9030 | 19969| 10811} 5570
9| 6341 | 4108 [ 8363 | 5782 | 4006 |12373| w325 [ sna7 | 0 | 4673 | 5324 | 496z | 3451 [16000] 5712 | 5ave REFERENCES
10 4395 | 3659 [ w253 | 5086 | 3365 {12625[ wora | 7962 | 4645 | o 4550 | 2502 | 2080 | 167900 2080 § 8141 [l}.Sangho P'fl.rk, Jihun Park, and Jake K: Aggar“._'a],
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6. CONCLUSIONS PP > AUE

In the Virtual Reality literature, it is hard to find similar
research for comparing human actions, especially in
martial arts. The most difficult challenge of our research is
on the design of a realistic similarity function between
actions. With the dynamic adjustment of weights between
different momenta of human skeleton, our system
performs reasonably. Yet, the results of similarity
comparison may have drawbacks. For instance, if actions
in a set of spars only have small differences, the
comparison results may show failures.
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