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Abstract 

Using motion capture systems to animate human-

like figures still remains difficult when the movements 

are complex or need to be adapted to geometric 

constraints. We propose a new method to blend 

several captured movements while adapting the 

trajectories to new skeletons and to unknown 

environments. For each body part (considered as 

resources), a priority is defined for each movement 

(considered as consumers). The trajectories applied 

to the skeleton consist of a weighted sum of the 

motions trajectories. A new technique to compute the 

weights is proposed. Finally, the system adapts the 

resulting trajectories to the synthetic skeleton and to 

the environment. The results enabled to animate up 

to one hundred actors in interactive environments. 

1. Introduction 

Motion capture systems have been widely used to 

create realistic synthetic motions. To increase the 

capabilities of human-like figures, captured motions 

can be merged and blended by ensuring time-

correspondence between the original sequences 

[5,6,7]. To this end, a cost metric for selecting 

transitions between motion segments has been 

introduced [8,13]. Motion graphs [1,6,8] have been 

used to represent transitions between poses of the 

captured motion data. A pose of a motion graph is 

linked to another pose of a different motion graph if 

the latter pose can be derived from the previous one. 

This technique was especially studied to simulate 

human locomotion according to planned foot-prints 

[4], on uneven terrains [10] and accounting for rapid 

change of directions [12]. In general, these works 

specifically address the problem of synchronizing 

several motions together in order to blend them. 

However, in all these works, the problem is to search 

the sequence that solves a set of preliminary imposed 

constraints. In real-time animation, external events or 

user commands may change these constraints at any 

time. Consequently, with these methods, each 

modification has to be linked to a new search process 

that can not be compatible with real-time animation.   

Other works propose to add dynamics to improve 

the realism of the resulting blended motions [2,11]. 

Nevertheless, these techniques also require 

optimizing the motion on all the sequence and can 

hardly be extended to interactive animation. 

Moreover, in these approaches, computational cost is 

directly linked to the number of recorded motions. 

An alternative is to use elementary motions that 

can be blended by tuning weights in real-time [3]. 

The resulting motion is a weighted sum of all the 

activated motions. In addition, each action has a 

different priority depending on the considered body 

parts.   

In this paper, we especially focus on this blending 

problem. We first present a new method to describe 

postures that enables us to easily adapt the data to a 

new skeleton and to the environment. Then, we 

propose a more intuitive and controllable algorithm 

to evaluate the blending weights. 

2. Elementary actions 

In order to adapt the motion to the environment in 

real-time, the skeleton is subdivided into several sub-

chains (see figure 1). 

The limbs are represented separately by storing 

the position of the shoulder (resp. hip) relatively to 

the root, the wrist (resp. ankle) relatively to the 

shoulder (resp. hip). These data are normalized by the 

distance between the two extremities. The orientation 

of the plane passing through shoulder, elbow and 

wrist (resp. hip, knee and ankle) is also stored.  

The trunk is given by the spline parameters that 

go through the control points placed at the pelvis, the 

neck and the head. This representation allows one to 

adapt the motion to any kind of trunk subdivision. 
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All the above parameters denoted Parami(t)

(where i is the number of the parameter) defining a 

posture at time t are gathered into a structure called 

Param(t)={Parami(t)}. A set of constraints (such as 

ensuring foot contact) is also defined in Param(t). At 

each time step any constraint can be activated or not. 

This choice ensures foot contact only during contact 

phases. Resolving these constraints is performed 

geometrically by the real-time animation engine at 

each time step [9].   

Figure 1: description of the normalized 
skeleton used for motion adaptation. 

A module provides the system with data required 

for motion blending for each elementary action. To 

this end, the elementary action Aj (where j states for 

the action number) is associated to a priority value 

Pi
j
(t) for each body part or constraint i. For example, 

high priority values for the legs and low values for 

the upper-body are defined for walking. This priority 

changes continuously depending on time according to 

the user’s command during the real-time animation. 

In the following, the number of the action 

(denoted by the symbol j) is placed as an exponent 

and the number of the parameter (denoted by the 

symbol i) is placed as an index. The state S
j
(t) of an 

action Aj depends directly on the events that occur in 

real-time animation. Its range goes from 0 if it is 

stopped to 1 if it is fully active. S
j
(t) is the same for 

all the parameters i since an action is 

activated/deactivated for all the degrees of freedom in 

the same way. 

3. Computation of weights 

Each action A
j provides a description 

Param
j
={Parami

j
(t)} for each time t and parameter i. 

Finally, the posture Param={Parami} that is used to 

animate the skeleton is: 

(1) ∑=∀
j

i

j

ii tParamktParami )()(,

where ki
j
 is the weight associated to the j

th
 action for 

the ith parameter. The sum of all the ki
j for each action 

i is equal to 1. The relationship between the states, 

priorities and ki
j
 must follow other logical rules: 

1. an inactive action (Sj=0) generates a null weight 

value, 

2. the variation of each weight value depending on 

time is continue (C1 continuity), 

3. if two actions A
1
 and A

2
 are running (S

1
=S

2
≠0)

and the priority on the ith parameter for A1, Pi
1, is 

greater than the priority of A
2
, then the weight of 

A
1
 is also greater than the one of A

2
. Thus 
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4. if two actions A
1 and A

2 have the same priority 

on the i
th

 parameter and the state for A
1
 is greater 

than the state of A2, then the weight of A1 is also 

greater than the one of A2. That is 
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5. if two actions A
1
 and A

2
 have the same priority 

on the ith parameter and the same state, then the 

weight of A
1
 and A

2
are equal. 
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In order to verify all the above priorities, we 

defined the relation below: 

(7)
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where ε is a positive real number. We also 

designed a neutral action A
0

which state S
0
 is always 

equal to 1 and which priority for each parameter is 

always null. ε is used to ensure that the denominator 

is not null only if A0 is active. 

Let us consider now the case of two co-occurring 

actions: locomotion and a grasping task. The 

grasping action is programmed such that the arm has 

to reach a goal at a given position; but the arm is also 

influenced by the locomotion. To overcome this 

limitation, we have introduced a constant threshold 

value ∆P: if P
2
>P

1
+∆P then action A

1 is supposed 

negligible and is not considered for blending. Let 

Φ(P
1
,P

2
) be a function that returns a real value 

between 0 and 1 that states for the relative 

importance of P1 compared to P2. If P
1
≥P

2 (P1 is 

more important than P
2
) then Φ(P

1
,P

2
)=1. On the 
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other hand, if P
1
<P

2
-∆P (P

1
 is negligible compared 

to P
2
), Φ(P

1
,P

2
)=0. For the intermediate cases P

2
-

∆P<P
1
<P

2 (P1 is less important than P2 but is not 

negligible), Φ(P
1
,P

2
) is given by the following 

equation: 
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Hence, for each action Aj, it is possible to define the 

set I
j
 of actions that are not negligible compared to it. 

A new rule is then introduced: if A
j is active (Sj=1)

and all the other actions are negligible compared to A
j

its weight is equal to 1. 

To account for all the above properties, we 

propose a recursive process to compute Parami(t).

This recursive process starts with the action that has 

the higher priority An since we are sure that it has an 

influence on the resulting motion. Then, we compute 

recursively the effect of the other action j, F(j,i) (in 

the decreasing order of their priority) until a 

negligible action is encountered or until all the 

actions have been processed: 
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where F(0,i) is the i
th

 parameter of the neutral 

action A
0, always active (S0

=1) and which priorities 

are null for all the parameters (Pi
0
=0). Let us take the 

walking A1 and grasping A2 example. In this example 

S
1
=S

2
=1 all along the sequence so that walking and 

grasping are running concurrently. Only the actions 

that are not negligible compared to the current action 

A
j
, (p∈I

j
), are considered. By defining a very high 

priority Pi
2 (where i stands for the hand-position 

constraint), Pi
j is considered as negligible. 

Consequently, the position of the hand is completely 

constrained by the grasping movement. 

4. Results 

The example of figure 2 deals with the grasping of 

two objects while running and walking. Five 

different motions are considered, assuming no 

synchronization problem. The first one, M
1
, is a 

natural walk. The second one M2 is a crouching 

motion. The third one, M3, is a special walk. The 

fourth one, M
4
, is a grasping motion and is associated 

to a hand-position constraint. The last one, M5, is a 

run. 

The top figure shows the resulting animation. The 

two images below depict respectively the weights and 

the priorities applied to the arms for each motion. 

The method also ensures that the constraint’s weight 

increases in a continuous way until the sphere is 

reached. When no grasping is performed, the arms 

were driven by the other active motions. The two 

figures at the bottom indicate the time-dependant 

priority on the grasping arms. This example was 

calculated in real-time at 60Hz on a P3 450MHz. 

Figure 2: resulting sequence involving 5 
motions (1: normal walk, 2: crouching, 3: 
silent walk, 4: grasping and 5: running). The 
user interactively tuned the priority of the 
grasping task with the corresponding hand-
positioning constraint, for the two arms. The 
priorities and weights are shown for the two 
arms. Several kinds of locomotion were also 
blended together. 

5. Conclusion 

The blending process presented in this paper is 

part of a global project where the blended movements 

are constrained to fit the skeleton dimensions and the 

environment while ensuring synchronization. This 

method is inspired by Boulic et al.’s work [3] where 

movements are stored on a stack to model priorities. 

The higher the position of an action is in the stack, 

the higher it has an influence on the resulting blended 

motion. To increase the influence of an action A2

stored in the second position in the stack requires to 

set the first movement priority to 0 or to stop and 

restart A2 (that is to move it at the top level). In our 

system, the user has only to tune priorities of an 

action to give it more or less importance without 
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taking the other actions into account. So far, this 

method has been applied to our skeleton description 

Param(t) but it could be also applied to quaternions.  

As with several other automatic systems based on 

kinematics, our system suffers for some limitations. 

Indeed, nothing ensures that the weighted sum of two 

motions that both respect dynamics also respects 

dynamics. To take this kind of constraints into 

account, it could be interesting to control the 

blending process by using inverse kinetics or 

dynamics. Nevertheless, it is still difficult to define 

generic dynamical laws that could work for every 

kind of motion. In the present version of our system, 

if the synchronization between motions is possible, 

the system can blend them. However, blending two 

movements that are totally dynamically 

incompatibles is the responsibility of the user.  

The low computation cost of this method enabled 

us to animate a hundred of walkers in a virtual 

environment. Moreover, as we are able to blend 

movements and adapt the results to the skeleton and 

the environment, only a tiny database of motions is 

enough to face a lot of situations.  
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