Supplementary Data 1: Boundary Solution of Improved Velocity Obstacle Method

For the coordinate system with the center point of the aircraft as the origin and the heading as the positive semi-axis direction of the Y-axis, the ellipse  obtained by mapping the vehicle contour area to the aircraft protection area can be expressed as:



By constructing the parametric equation of the ellipse, the tangential equation through a point  on the ellipse can be obtained as:
	


Substitute the vehicle coordinates  to obtain the equation of the tangent line of point  with ellipse ：



This equation can convert the expression to:



Let . According to the trigonometric formula, we have:




Therefore, by substituting the trigonometric function formula, the tangent line equation passing through point  can be transformed into a standard quadratic equation form with  as the unknown variable：



Then, the solution to the equation can be obtained from the quadratic formula:




On the other hand, by taking the derivative of the ellipse equation , we can get:



Therefore, the slope  of the tangent line can be expressed as:



This equation should also hold for the tangent points on the ellipse, where the coordinates of the tangent points are represented as . Therefore, the slope of the corresponding tangent line can be obtained based on the tangent point coordinates:



Furthermore, considering that there are two tangent lines between a point outside the ellipse and the ellipse itself, point  also has two tangent points with ellipse , which can be expressed as . Therefore, the slopes of the two tangent lines passing through point  can be expressed as:


