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IMPROVED TRAJECTORY ACCURACY AND PAYLOAD RECOVERY

Abstract

With reliance on wind data and limitations to manoeuvrability, flight-path planning is a considerable
obstacle when planning a high-altitude balloon (HAB) mission. Given that HABs are commonly used
as low-cost platforms for testing satellite equipment, understanding and improving their trajectory pre-
diction methods is crucial. Accurate path planning ensures that the payload reaches desired altitudes,
follows a predictable trajectory, and lands in a recoverable location, maximising the success of the equip-
ment testing. Without proper planning, HAB missions risk payload loss, inefficient data collection, and
unexpected deviations that can interfere with overall mission goals.

Current trajectory prediction models are heavily reliant on wind forecasts. These models provide es-
timates of a balloon’s ascent and drift based on atmospheric conditions. However, inaccuracies occur due
to the dynamic nature of wind patterns at different altitudes. As the balloon ascends it passes through
multiple atmospheric layers each with distinct wind currents that can introduce deviations from the pre-
dicted path. Additionally, small errors in initial wind forecast data can change over time leading to larger
discrepancies in projected landing zones. These uncertainties can make payload recovery challenging and
may result in HABs drifting into restricted airspace or inaccessible terrain. Onboard sensors can continu-
ously measure wind velocity, pressure, and temperature, feeding this data into predictive algorithms that
adjust trajectory estimates dynamically. Machine learning techniques can further refine these models
by incorporating historical flight data and identifying patterns in atmospheric behavior. Additionally,
real-time tracking systems using GPS and communication links can provide continuous updates on bal-
loon position, allowing for mid-flight adjustments if deviations from the expected path occur. For further
control, technologies such as variable buoyancy systems and steerable parachutes offer potential solutions.
Variable buoyancy mechanisms allow the balloon to ascend or descend into favourable wind currents,
providing a degree of horizontal manoeuvrability. Similarly, steerable parachutes can be deployed during
descent to guide the payload toward designated recovery areas. These innovations, combined with im-
proved wind modelling, have the potential to significantly enhance the reliability and precision of HAB
path planning, making missions more predictable and efficient.

The study concludes that improving path planning for high-altitude balloon (HAB) missions is es-
sential. The findings contribute to aerospace testing by demonstrating how real-time tracking, adaptive
models, and active control mechanisms can reduce uncertainties. Future research should consider refin-
ing wind modelling, developing efficient manoeuvrability systems, and exploring autonomous recovery
solutions to enhance mission reliability.



