
S1 Text. The obstacle avoidance navigation system implemented on the Drone. 

In this study, an obstacle avoidance system was constructed by referencing 

previously proposed 2D obstacle avoidance models, to produce a multi-obstacle-

avoidance (MOA) system (39). This customized MOA model is capable of calculating 

the avoidance direction 𝜑𝑑 for the next (𝑠 + 1) agents using distance (𝑟) and direction 

(𝜃) information for obstacles localized in the 𝑠th sensing step as follows: 
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where N and n indicate the number of localized obstacles and corresponding obstacle IDs, 

respectively. This system is constructed from a potential model, in which the avoidance 

direction is calculated as the sum of attractive and repulsive force vectors. The attractive 

vector is generated from the current agent's head direction as 𝑒𝑖𝜑𝑑(𝑡𝑠), while the repulsive 

vector is generated opposite the direction of each localized obstacle as −𝑒𝑖𝜃(𝑡𝑠,𝑛). Note 

the length of repulsive force vectors corresponds to inverse 𝜌-square law of the distance 

of each obstacle, while 𝛼, 𝛽, and 𝜌 are parameters used to determine repulsive force 

strength criteria. To turn more than 90 deg when the drone detects the obstacle within the 

1.4 m, these values were set to 1800, 0.8, and 0.001, respectively. This approach and 

parameter meanings were described in detail by Yamada et al. in 2019 (39). The flight 

speed 𝑣 was also controlled using the proposed model as follows: 



𝑣 = (𝑣𝑚𝑎𝑥 − 𝑣𝑚𝑖𝑛)𝑒−𝜑𝑑
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+ 𝑣𝑚𝑖𝑛, 

where 𝑣𝑚𝑎𝑥  and 𝑣𝑚𝑖𝑛  indicate the desired maximum (typical) and minimum flight 

speed parameters. This constraint allows flight speed to correspond with the avoidance 

turn angle 𝜑𝑑, such that flight speed decreases when a quick avoidance turn is required. 

Note the maximum (typical) and minimum flight speeds were set to 0.4 m/s and 0.05 m/s, 

respectively. However, the drone moved continuously due to inertial forces during actual 

flights (see S1-2 Video). The proposed obstacle avoidance navigation system was 

constructed from the corresponding direction and flight speed control requirements. 

 


