








Figure 22: We test our device on a wide range characters with skeletons of varying topological and geometric complexity. Each pair of rows
is a virtual character and paired device. The leftmost column for each pair shows the device and character at their rest or bind states. The
other two columns show poses.
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A Non-radial splitters

Equation (5) does not apply to non-radial splitters (e.g. the hand
splitter in Figure 16). For a non-radial splitter node i we introduce
auxiliary origins aij at the outlets corresponding to each child j. By
placing these origins accordingly, we may redefine pj = aij so that
xj = sj v̂i + aij . We can express each aij in terms of a scaling
term and the original splitter origin xi:

aij = tijûij + xi, (12)

where tij and ûij are analogous to si and v̂i. That is, ûij is fixed
and indicates the direction of the offset origin and tij accounts for
the stretch. Differently from before, we now must change all the
scaling factors associated with the splitter uniformly. This can be
modeled by additional linear equality constraints:

tij/t̄ij = tik/t̄ik, ∀j 6= k, (13)

where t̄ij are the normalized (default) scales of each origin offset.
Since the ratio tij/tik is fixed, each constraint is linear in in tij and
tik. Similarly to the other constraints, they are not affected by Q0

and only show up during the QP solve.

B Design of targeting user study

We asked 18 subjects (14 male, 4 female) to aim the cannon of a
virtual tank using mouse, keyboard and a single joint of our device
(see inset). The subjects, again from our university.

For the keyboard, subjects con-
trol the cannon’s pitch and yaw
angles in small increments us-
ing the up, down, left and right
keys. For the mouse, the ab-
solute (x, y) coordinates of the
hidden cursor map linearly to
these angles, respectively. For
our device, the first twist an-
gle turns left and right and the
bending part controls pitch of
the cannon. Bullets fire using
a foot pedal for all conditions.
Repeated attempts are allowed until a hit, and a new target appears
at a random location. Presentation order of the conditions is coun-
terbalanced in a Latin-Square design. Each user is asked to hit a
total of 50 targets per input device in blocks of 10, allowing for rest
periods between blocks.

A two-way repeated measures ANOVA with the interface and the
block id as independent variables reveals a main effect for blocks
and a slight decrease in mean task completion time, indicating

a mild learning effect. However, post-hoc analysis yielded no
significant differences in speed between blocks (all p > 0.05).
In terms of the interface used, the mean task completion time
for keyboard was the slowest (mean= 4.99s, standard deviation
= 0.3), followed by the mouse (4.31s, 0.4s) and our device (3.77s,
0.235s). A main effect for the interface on task completion time
exists (F(2,34) = 22.8, p < 0.001) and pairwise comparisons show
significance between keyboard and mouse (p = 0.002) and be-
tween keyboard and device (p < 0.001). While our device scores
slightly better than the mouse, the difference is not strictly significant
(p = 0.1).
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