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Figure 12: A sequence of acrobatic formations in an airshow: The letters (a) “T,” (b) “H,” (c) “E,” (d) “E,” (e) “N,” and (f)

“D,” which are given as keyframe formations.

of keyframe formations. In other words, our scheme is not
intended to generate group motions that mainly depend on
various microscopic interactions such as pedestrian behav-
iors and escape panic. To our knowledge, our approach is
the first scheme for macroscopic formation control, which
facilitates smooth transitions of keyframe formations and ac-
curate spatiotemporal control of each individual at specific
keyframes. In order to keep interactivity of our system, we
limit the number of individuals up to 60 in a single subgroup;
otherwise, the computation time for eigenanalysis (see Sec-
tion 3) would increase rapidly. Applying different interpola-
tion schemes such as linear and spectral-based interpolations
and their blends to each pair of subgroups will enhance the
expressive power of the formation transitions to be designed.

Our system specifies motions of individuals only by their
time-parametrized trajectories. Thus, the control of local
speed and moving style (walking or running) of each indi-
vidual for realistic behavior, highly relies on a trajectory-
driven motion synthesis scheme used in a postprocessing
stage. However, the online locomotion synthesis employed
here [KS07] can produce a visually-plausible behavior for
each individual, provided that the temporal samples taken
from the corresponding trajectory are almost uniformly
spaced in 3D space, as demonstrated in Figures 1, 10, and
11. Although our approach focuses on formation control in
unconstrained environments, handling static obstacles, such
as houses and walls, also as graph vertices can allow us to
simulate the specific clearance between the obstacles and in-
dividuals together with the appropriate setting of associated
adjacency weights. More aggressive splitting and merging of
formation clusters will simulate more natural collective be-
haviors of individuals as seen in flocks of birds and schools
of fishes. This will be accomplished by appropriately con-
trolling the adjacency weights between the subgroups at the
same depth in the hierarchical representation of the overall
formation.

6. Conclusion

This paper has presented an approach to group formation
control using the spectral graph theory, based on the intu-
ition that the adjacency relationships among the individu-
als play a significant role in group formations as observed
in artistic formations of mass performances and the tactical

formations of team sports. The main idea behind this ap-
proach is to extract the spectral-based structures of group
formations, which is achieved through the Laplacian matri-
ces of the graph associated with their adjacency relationships
among individuals. The interpolation between group forma-
tions is obtained by rotational transformations of eigenbases
for the Laplacian matrices in order to change the collective
behaviors of individuals smoothly over time. Our spectral-
based approach can be enhanced with several extended fea-
tures. Animation results are generated to demonstrate the ca-
pabilities of the present approach.

Our future extensions include semi-automatic individual
matching between multiple formations, which will be help-
ful for efficient design of group formation animation. It
would be interesting to apply this approach to other prob-
lems such as the control of satellite constellations and anima-
tion of time-varying relationships in the context of informa-
tion visualization. Controlling formations in environments
with obstacles are also important potential applications of
this approach. We also leave it as future work to enhance our
framework by explicitly incorporating ideas from existing
approaches including rule-based and force-field-based mod-
els.
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Table 1: Statistics of the group formations in the animation examples.

# of # of structure of # of computation times
levels individuals the entire formation frames (cf. [KS07])
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Human figures 3 1260 = 35(groups)×6(subgroups)×6(individuals) 991 445 seconds
Airshow 1 10 = 10 (airplanes at one level) 540 NA (in real time)
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