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Figure 2 - Interferometry

Figure 4 - Two Lifting Helicopters

Figure 5 - Three Lifting Helicopters

Figure 3 - Formation Flying

Figure 1 - Proposed Heavy Lift Helicopter System

There exists a growing demand for heavy lift aerial transportation systems.  All known research and 
development focuses on the creation of larger, more powerful and expensive lifting vehicles, such as Boeing’s 
JHL-40 (Skyhook).  These systems accomplish the task by scaling up existing technology to provide increased 
payload capability but unfortunately at increased complexity and cost.

As the vehicles become larger, more attention needs to be paid to the structural dynamics.  Larger airframes 
result in slower, significant vibrational modes which couple into the rotation and translation dynamics.  The 
ensuing higher-order system requires study and simulation to guarantee safety and adequate performance.

An alternative approach would be to possibly use smaller, existing unmanned autonomous helicopters working 
cooperatively to perform the same task.  This proposed system would provide a scalable solution that can be 
tailored to suit any assignment.  Using smaller helicopters places more emphasis on the team strategy and 
control rather than the control of the individual helicopter.  It may also be possible to reduce load swings during 
transport through the use of distributed connections.

Using a distributed solution such as this also allows for improved sensing capabilities.  The sensing capability 
of one agent can be dramatically increased by incorporating other agent information.  Therefore, by working 
together agents can achieve the high precision necessary for control.

Formation flying and control of aerial and space ve-
hicles is an interesting and well studied problem.  
There are two main areas that have seen a significant 
amount of research attention: spacecraft control for in-
terferometry and aircraft formation flying.

To explore distant stars and planets scientists require 
larger telescopes to look further into space.  To de-
velop, build, and launch an immense structure would 
be complicated and expensive.  Alternatively, a distrib-
uted approach can be taken where multiple spacecraft 
separated by very large distances reflect light into a 
central collector [Scharf et al. 2004].  Like the heavy lift 
problem, this setup requires extremely precise posi-
tioning.  However, because each spacecraft is physi-
cally unconstrained, there is no dynamic coupling be-
tween spacecrafts.  Therefore, positioning errors are 
not propagated to the other vehicles like the case of 
heavy lifting.

Formation flying aircrafts have always been an inter-
esting research topic.  Fighter pilots are trained to fly in 
formation for mutual defense and concentrated fire-
power.  Long range aircrafts aim to fly in formation to 
increase efficiency and range.  There has been re-
search done with unmanned aerial vehicles (UAVs) 
flying in formation [Giulietti et al. 2000].  This applica-
tion again requires precise positioning to avoid colli-
sion and improve efficiency using the dynamic interac-
tion between neighboring aircrafts.  This interaction 
creates a dynamic coupling between aircrafts and fur-
ther complicates the control problem.  Most UAV for-
mation flying control architectures treat the dynamic 
coupling as a disturbance which can be compensated 
with a robust solution.  The heavy lift problem cannot 
take this approach since the dynamic coupling involves 
more than the nearest neighbors and as the load 
weight is increased the coupling becomes more domi-
nant in each agent’s dynamics.

The dynamic coupling thus far has been described as 
a control problem.  However, this inter-agent coupling 
can be combined with appropriate sensors to better es-
timate system states or desired variables.  This allows 
for improved control robustness and performance.

Lifting a load using helicopters has been studied and possible solutions have been proposed using special-
ized control architectures, support structures and passive control devices [Menon et al. 1988, Cicolani & Kan-
ning 1992].  Although these solutions have been shown to work in practice, they are ultimately limited by the 
number of helicopters that can be employed.

In two dimensions the position of the load can be uniquely determined by the position of the two lifters, see 
Figure 4.  However, when a third lifter is added, the problem changes significantly.  When the tethers are mod-
elled as inelastic cords, the tethers become holonomic constraints.  Therefore, each lifter may only move on 
a circle given by the load connection point and the length of the tether.  Should a lifter move to a point off of 
the circle then the system changes, see Figure 5.  With a small perturbation one or two of the tethers can 
become slack, thus rendering the associated lifters ineffective, possibly causing the full system to become un-
stable.

Controlling this system involves not only precision formation flying but also maintaining tension in the tethers 
to avoid rapid system changes.  This will require up to date, high accuracy position estimates.  If not antici-
pated, any feedback delay could cause the system to become unstable.  Also, in some cases maintaining ten-
sion in the tethers is practically impossible when the tethers are modelled as inelastic because keeping  the 
tethers taut requires perfect control.  Modelling or introducing some flexibility in the tethers may reduce con-
trol effort but at the cost of reduced performance due to the introduction of vibrational modes.

Future work will involve developing a control strategy to deal with this highly nonlinear system.  This will in-
volve defining the positioning accuracy required to maintain stability, develop performance goals and metrics 
and choosing appropriate sensors to achieve the accuracy required.  The final outcome would ideally be a 
team of RC helicopters capable of autonomously lifting and moving objects beyond their individual lifting ca-
pabilities.


