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RESEARCH ON THE INFLUENCE OF CARGO CENTERING ACCURACY ON THE 

FLIGHT DURATION OF AUTONOMOUS UNMANNED AIRCRAFT SYSTEMS 
 
Multirotor unmanned platforms belong to the class of mechatronic objects 
with a control deficit. They are dynamically unstable. A number of scientists 
in their works define such systems as objects that require artificial 
stabilization through closed feedback loops. The digital autopilot polls 
inertial sensors (gyroscope, accelerometer) with a frequency of several 
kilohertz. The processor instantly calculates the required angular velocity 
for each propeller. The main stabilization tool is the PID controller 
(proportional-integral-differential). 
The limitation of battery capacity forces us to look for savings not only in the 
hardware part, but also in the control algorithms. The effectiveness of the 
task also depends on the accuracy of the trajectory. Some scientists points 
out that route planning for searching for objects is based on the assumption 
of platform stability and predictability of its dynamics. However, real 
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operating conditions (delivery of heterogeneous cargo, installation of 
attachments) often make it impossible to perfectly combine the center of 
mass with the geometric center of thrust. 
The dependence of the energy consumption of multirotor unmanned systems 
on the accuracy of centering of the payload was analyzed. An experimental 
study was conducted on an X-configuration quadcopter in hover mode using 
a flight controller based on STM32 and Betaflight software. The results 
showed a nonlinear increase in energy consumption when the center of 
mass is shifted: a longitudinal shift of 50 mm increases consumption by 
6.4%, while a similar lateral shift leads to a loss of 7.9% of energy. This is 
explained by the lower moment of inertia of the frame relative to the roll 
axis, which forces the PID controller to use asymmetric thrust more 
intensively for stabilization. A method for operational diagnostics of 
imbalance without additional sensors is proposed - by monitoring the 
difference in the duration of PWM pulses on diagonal pairs of motors. It was 
found that with a displacement of 50 mm, the speed difference reaches 16
17%, which is a reliable indicator for pre-flight inspection. Accurate 
centering of the load using the proposed method allows you to increase the 
radius of action of electric platforms by 5 8% without changes in the design, 
which is critically important for logistics and monitoring missions. 
Keywords: UAV, energy efficiency, PID controller, load centering, PWM 
signal, autonomy. 
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