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A Real-Time Algorithm for Character Reactive Animation Generation

Pan Zhigeng, Cheng Xi, and Tang Bing
(State Key Laboratory of CAD & CG, Zhejiang University , Hangzhou 310058)

Abstract By combining motion capture data and dynamic simulation, realistic character animations
can be obtained, which can interactively respond to contact forces in the environment. However, the
previous character animation generation methods cost so much searching time to find out the
appropriate motion capture sequences in the database so that the motion generation process can not run
online. Moreover, animators need much manual adjustments to achieve the final realistic character
animation. The authors present a parallel algorithm of two processes, and employ an artificial neural
network to predict and pre-classify the recovery motion database in order to reduce the size of the
search region. The artificial neural network is trained offline by a set of recovery motion capture data
sequences and the database is classified according to the recovery motion strategy of the characters.
The artificial neural network accepts several key DOFs of the character body segments as input, and
outputs the subset label of the recovery motion sequence database as a result. In addition, the
matching algorithm is improved for searching for motion capture sequences. The experiment
demonstrates that the characters can be controlled and switched between motion capture data and
dynamic simulation control modes naturally, and the system can generate reactive virtual character

animation in real-time.

Key words reactive motion; character animation; artificial neural network; dynamic simulation;

motion generation
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Fig. 1 Overviews of character motion generation process.
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Table 1 Mass of Each Body and the Joint Type/Constraint in the Simulation Model
1 ERASEESBINREUAREXTHERBEREDIAR

Constraint

Body Name Mass/kg Joint Name Joint Type
Rotate/ () Distort/(*)

Head 8.4 Neck Ball 30.0 —8.0~8.0
Upper Body 11.7 Back Ball 5.0 —5.0~5.0
Lower Body 11.4 Waist Ball 45.0 —15.0~15.0

Root 10.3 Hip Ball 25.0 —15.0~15.0

Thigh 10. 2 Femur Rotate —85.0~0.0 *

Calf 6.0 Knee Rotate —25.0~25.0 *

Foot 0.9 Ankle Ball 85.0 —10.0~10.0
Upper Arm 8.1 Shoulder Rotate —80.0~85.0 *
Lower Arm 2.1 Elbow Rotate —15.0~45.0 *

Hand 0.6 Wrist Rotate —60.0~60.0 *

% If the joint type is “Rotate”, there’s no distort constraint.
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Fig. 2 Character skeleton model and the knee joint

damper.
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Table 2 Weight of the Linear and Angle Distances in Character

Motion Sequence Comparison

x2 EWMAZHFILERPRANEXTHEEES S

EENNE
Joint Name Wpj Wy
Neck 0.4 0.3
Back 0.4 0.4
Waist 0.6 0.6
Hip 0.8 1.0
Knee 0.6 0.8
Shoulder 0.6 0.4
Elbow 0.6 0.4
Wrist 0.2 0.2
Ankle 0.1 0.1
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Table 3 Comparison of the Search Time Between Ordinary
Method and Our Method
F3 LMABRRNTANEREZMBEME TN S %
BERFER R E X s
Our ANN Prediction
Search Method

Ordinary
Search Method

Reactive Motions

Take one step, balanced 1.79 0.12
Take multiple steps, balanced 1.85 0.13
Ankle swing, balanced 1.68 0.09
Rolls forward, fall 1.77 0.12
Squat backward, fall 1. 65 0.12
Catch falls using arms, fall 1.52 0.11
Knee on the ground sideward, 1. 94 0.15

fall
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Fig. 3 Animation filmstrips of stepping backward and falling on the ground.
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Fig. 4 Animation filmstrips of responding to multiple contact forces.
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Research Background

Generating realistic character animation which can respond to contact forces is an active research area in character
animation, and it is important to applications like computer games and character movies. Motion graph based approaches focus
on the use of motion capture sequences by connecting similar frames with transitions. Combined with motion capture and
dynamic simulation techniques, virtual characters can not only show rich motion details and styles, but also respond to
unexpected contact forces from environment. In most situations, character animations need return to a mocap sequence after
simulation. However, the motion sequence searching phase in most previous motion generation methods cost much time.
Moreover, the final animation needs manual adjustment by animators. In this paper, a real-time character animation generation
algorithm is presented by employing parallel simulation method and artificial neural network learning routine which is trained
offline by a set of recovery motion sequences in the database and predicts online to reduce the motion search region. In addition,
this paper optimizes the motion sequence matching computation method. The experiment results show that this work improves
the reactive character animation generation algorithm and can be used in many real-time applications. This research is supported
by the National High-Tech Research and Development Plan of China under grant No. 2006 AA01Z303 and the National Natural
Science Foundation of China under grant No. 60533080.
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