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The root-mean-square (RMS) yaw-tracking error rela-
tive to 1, over the bilateral spreading phase was 0.293°
for the PX4 estimate ¢ and 0.310° for the Vicon measure-
ment 1vicon. The corresponding maximum absolute yaw-
tracking errors were 1.14° and 1.19°, respectively. During
bilateral spreading, the maximum raw saturation factor com-
puted from the eight motor PWM commands using (6) was
frmax = 0.334, corresponding to a minimum PWM margin
of Aupi, = 333 us to the nearest saturation limit. The motor
PWM commands remained within 1422-1667 s during this
phase, and no motor command reached the 1000 or 2000 s
limits. The response therefore shows bounded vehicle motion
while retaining actuator authority during separation.

Fig. 7 shows the RLS-corrected external wrench estimate.
The estimated force components and force norm increase dur-
ing bilateral spreading and decrease after bilateral contact
ends, indicating sustained obstacle interaction. The domi-
nant force component is along the body ¥, axis, which is
the spreading direction §;, and has a peak magnitude of ap-
proximately 1.56 N. The peak absolute force components are
approximately 0.93 N, 1.56 N, and 1.37 N along the X3, ¥,
and z; axes, respectively, and the peak force norm is approx-
imately 2.11 N. The peak absolute moment components are
approximately 0.30 Nm, 0.67 Nm, and 0.41 N m along the
Xy, ¥b, and z; axes, respectively, with a peak moment norm
of approximately 0.754 N m.

The key quantitative result is the scale separation be-
tween the local obstacle-separation force and the resultant
force transmitted to the vehicle. The inferred local force at
full opening is nearly 88 N per bar, whereas the peak resul-
tant force estimated at the vehicle is 2.11 N, corresponding
to a local-to-resultant force ratio of 40. This occurs because
opposing contact forces make the resultant force on the ve-
hicle depend primarily on force imbalance rather than indi-
vidual contact-force magnitudes. The spreading mechanism
supplies the local force needed to displace the obstacles, and
the variable admittance controller modifies the reference dur-
ing interaction so that the vehicle remains bounded instead of
rigidly tracking the desired reference.

5 CONCLUSION

This paper presented variable admittance control for elas-
tic obstacle separation with a fully actuated fixed-tilt aerial
manipulator. The FT-X8 uses a single-actuator spreading
mechanism to apply opposing contact forces while the rotors
regulate vehicle motion. The admittance law varies the vir-
tual inertia and stiffness as functions of the estimated wrench
component, obstacle distance, and actuator saturation, pro-
ducing stiff free-flight tracking and compliant contact re-
sponse without mode switching. In the spreading experiment,
the inferred local obstacle-separation force was 40 times the
peak resultant force estimated at the vehicle. This result
demonstrates large local separation forces with bounded ve-
hicle motion during contact.
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