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Background and motivation

- Quadrotor drones are widely used in industries 
such as surveillance, package delivery, map 
building.

- Quadrotor can act as a mobile 5G access 
point.

- Usage: search and rescue missions after 
nature disasters, establish communication in 
rural areas.

- Key challenge: to maintain the quadrotor as a 
fixed location under various disturbances such 
as wind gust.
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Fig.1 A quadrotor as 5G access point



Literature survey and related works

● Adaptive control
❖ The lumped uncertainties are treated as 

unknown parameters 
❖ Estimated online by the adaptive control law 

[1], [2].
❖ Better transient performance L1 performance 

[3].

3

● Uncertainty and disturbance 
estimator(UDE)

❖ A low-pass filtered result of the difference 
between the force and the acceleration 
[4].

❖ This property ensures that during the 
transient phase, the system states do not 
deviate from the desired path too much, 
avoiding introducing the effect of 
unmodeled dynamics or singularities.
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Our contribution: UAV + 5G

1) A feedback position stabilization controller is proposed.

2) A Kalman filter is used to provide velocity feedback.

3) A UDE base robust controller to stabilize the quadrotor drone. The 
UDE utilizes the dynamic model and IMU feedback to estimate and 
compensate for the disturbances.
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Dynamic Modelling and Problem Formulation

- Rigidbody dynamics:
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The flight control problem is the formulated as:
- Given a targeted position,  xd design a control law fI 

such that xI -> xd as t->inf

Fig.2 Dynamic modelling

The position channel

The attitude channel

The lift force



The Sensor Model

- Assumption: noise in the attitude channel 
is handled by the attitude motion 
observer. 

- Zero-order hold (ZOH) of continuous 
states.
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- IMU feedback: provide acceleration
- GPS feedback: provide raw position measurement

ZOH introduce measurement delay: 
Fig.3 ZOH sampling



The Kalman Filter

- The position channel is modelled 
with a discrete-time system.

- Linear Kalman filter is used to 
combine the GPS measurement 
with the IMU measurement to 
produce 
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The process noise:
The observation noise:

Prediction step:

Correction step:

The IMU measurement:



The Position Stabilization Control Law

- The position stabilization control 
consists a PD term and the UDE 
term.

- The total desired force is then 
converted into a throttle. 
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The attitude tracking law

The position control law:

Velocity feedback Position feedback UDE Desired torque



The Uncertainty and Disturbance Estimator (UDE)

- The key component for achieving stabilization 
under gust is to use the UDE

- The UDE compares the difference between 
the measured acceleration and the total known 
force, i.e. lift force and gravity
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- Assumption: slowly varying disturbance:

Disturbance estimation error:

Estimation error dynamics:

Disturbance as a difference between 
the acceleration and the external force:

Final form of the UDE:



Results for Position Stabilization

- A point stabilization mission is used as the 
test case.

10Fig.4  Trajectory of The Quadrotor

Table 1.  System parameters

Disturbance:

Initial condition:

Target condition:
(NED frame)



Raw Measurement and Kalman Filter Results
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Fig.5 Raw and filtered quadrotor states



Position Stabilization Error
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Fig.6 Position stabilization error and estimated disturbances



A Comparative Study

- A comparative study is done 
for position stabilization with 
and without UDE.

- The position error is 
significantly lower with UDE

- UDE is effective to 
compensate for constant and 
time-varying disturbance.
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Fig.7 A comparison of results with and without UDE



Conclusion

- A flight control design is proposed 
to utilize a quadrotor drone as a 
5G access point.

- A Kalman filter is implemented to 
obtain the filtered position and 
velocity.

- A disturbance estimation control 
law is designed to compensate for 
the control delay and the gust.
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