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Abstract 
 

In this work, we consider the problem of the shortest path in Euclidean space in the presence of convex polyhedral 

forbidden regions. A travel path is to be selected to minimize the travel distance where direct path is prohibited in the 

presence of forbidden or no-fly regions. A solution is presented by a geometrical algorithm for polygonal barriers. 

The procedure iterates by increasing the number of vertices of the barrier to generalize the solution to circular barriers. 

This research was motivated by a practical shortest path problem for goods delivery in the absence of direct paths 

using Unmanned Aerial Vehicles, commonly referred to as drones.  
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1. Introduction 
The Federal Aviation Administration or FAA approved the first unmanned or pilotless flight made by an Unmanned 

Aerial Vehicle or a UAV or a drone in July 2015. The approved flight was conducted by the Australian startup Flirty 

to deliver medical supplies in Virginia [1]. This trial was followed by another successful FAA-approved delivery of a 

first aid package by Flirty in an uninhibited area of Hawthorne, Nevada in March 2016 [2]. Both delivers were 

conducted in one of the six FAA-approved unmanned aircraft sites in the United States. Online retailers, such as 

Amazon.com Inc., and other startups and companies, showed interest in delivering packages using drones. However, 

they are still battling the FAA-imposed regulations on drone deliveries, which they find very strict [3]. 

 

The drone’s ability to sense and avoid ground and airborne obstacles is one of the FAA research goals while 

conducting trials of UAVs in any of the FAA-approved sites [4]. Therefore, in this paper, we develop a shortest path 

algorithm for flying UAVs used for delivery of goods in the presence of forbidden regions or no-fly zones. The 

algorithm is characterized by its simplicity and real-time execution.  

 

We are assuming that UAVs will only travel in straight lines in the horizontal direction. The forbidden area is not 

necessarily of a regular shape; however, we assume that the area can fit in a polygon. Two shapes of polygonal areas 

are investigated; the first shape is quadrilateral and the second is octagonal. The octagonal shape is used to simplify 

circular forbidden regions. For both shapes of forbidden regions, we investigate different scenarios of the drone point 

of origin and final destination.  

 

The rest of the paper is organized as follows: in section 2, we review related literature. In section 3, we present our 

algorithm, including definitions, assumptions, formulation and a summary of computational experiments. Finally, we 

provide conclusions and suggestions for future research. 

 

2. Literature Review 
Unmanned Aerial Vehicles or UAVs are aircrafts remotely controlled by an operator with no person abroad. UAVs 

are commonly referred to as drones but also referred to as Remotely Piloted Vehicles (RPVs), Remotely Piloted 

Aircrafts (RPAs), or pilotless aircrafts. When we combine the UAV with its ground control station, the entire system 

is referred to as an Unmanned Aerial System (UAS) [5, 6]. The FAA regulates the use of airspace in the United States 

and establishes guidelines and regulations for UAVs use. One of the guidelines is the FAA’s definition of airspace 

restrictions. The airspace restrictions consist of five categories: Temporary Flight Resections (TRFs), restricted use 

airspace or No Drone Zones, stadiums, wildfire regions, and airports [7].  
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UAVs was first used by the military in World War I; however, the use of UAVs exhibited an increase in both military 

and civilian applications [8]. Companies and members of the Small UAV Coalition are pushing to expand the use of 

UAVs for commercial purposes, especially in package delivery [9]. Such movement is still faced with strict regulations 

from the FAA. The FAA wants to ensure safe delivery of packages without the fall of packages from flying UAVs or 

hitting obstacles or flying in restricted or no-fly zones.  

 

Routing of UAVs have been studied several times in the literature. Algorithms were developed in order to solve the 

routing problem of UAVs as a variation of the classical Vehicle Routing Problem or VRP, such as the Genetic 

Algorithm approach in [10] and the Ant Colony algorithm in [11]. In addition to solving VRPs, real-time rerouting 

and path planning of UAVs is an important issue that was studied in literature as well, such as the trajectory generation 

problem with the objective of minimizing flight time using dynamic optimization in [12]. 

 

Research on UAV obstacle detection and avoidance has increased significantly in the past few years. Such as the work 

in [13] that presented a vison-based obstacle avoidance system for small autonomous UAVs, and the use of light 

detection and ranging (LIDAR) technologies to autonomously redirect the UAV in the presence of obstacles. However, 

most of the developed techniques focused on autonomous UAVs that operate with no human or pilot interaction. 

Pilotless UAVs are still not approved for use in the United States. Therefore, in this paper we focus on a more realistic 

UAV operation scenario that assumes the presence of a UAV pilot who sometimes has to timely direct the UAV to a 

clear shortest path when a no-fly region or an obstacle has been detected that has an approximate polygonal shape. 

 

In this paper, we propose a geometry-based algorithm to find the shortest path for UAVs’ travel in the presence of 

forbidden or no-fly regions. We adopt a formulation of the forbidden regions similar to the one proposed in [14], but 

to solve an etirely different problem. The work in [14] was solving the problem of optimally locating a new facility in 

a non-forbidden region among a set of existing facilities with the objective of minimizing the sum of weighted 

distances from the new facility to the old ones. Forbidden regions are assumed to be convex polygons through which 

UAVs are prohibited from flying.  

 

3. Shortest Path Algorithm 

 
3.1 Definitions and Notations 

The algorithm tries to provide a procedure for UAVs to find the shortest path between a point of origin and a 

destination in the absence of a straight line connecting both points, due to the presence of a forbidden or a no-fly 

region. We geometrically define the no-fly, origin and destination regions. Nomenclature is summarized in Table1. 

 

Table 1: List of variables 

𝑺 𝑂𝑟𝑖𝑔𝑖𝑛 𝑝𝑜𝑖𝑛𝑡 (𝑥𝑆, 𝑦𝑆), 𝑖𝑛 𝑜𝑟𝑖𝑔𝑖𝑛 𝑟𝑒𝑔𝑖𝑜𝑛 ∆𝑥 𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑆 𝑡𝑜 𝐹, |𝑥𝑆 − 𝑥𝐹| 

𝑭 𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡 (𝑥𝐹 ,  𝑦𝐹), 𝑖𝑛 𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑔𝑖𝑜𝑛 ∆𝑦 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑆 𝑡𝑜 𝐹, |𝑦𝑆 − 𝑦𝐹| 

𝑶 𝐶𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑓𝑜𝑟𝑏𝑖𝑑𝑑𝑒𝑛 𝑎𝑟𝑒𝑎 (𝑥𝑂 ,  𝑦𝑂) 𝛼𝑆 𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑖𝑛𝑡 𝑆 𝑎𝑛𝑑 𝑙𝑖𝑛𝑒 𝒂  

𝒏 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑒𝑟𝑡𝑖𝑐𝑒𝑠 𝛽𝑆 𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑖𝑛𝑡 𝑆 𝑎𝑛𝑑 𝑙𝑖𝑛𝑒 𝒃  

𝒗𝒊 𝑉𝑒𝑟𝑡𝑒𝑥 𝑖 𝑜𝑓 𝑓𝑜𝑟𝑏𝑖𝑑𝑑𝑒𝑛 𝑎𝑟𝑒𝑎, (𝑥𝑣𝑖 ,  𝑦𝑣𝑖); 𝑖 = 1,… , 𝑛 𝛾𝑆 𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑖𝑛𝑡 𝑆 𝑎𝑛𝑑 𝑙𝑖𝑛𝑒 𝒄 

𝒂 𝐿𝑖𝑛𝑒 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑂 𝑎𝑛𝑑 𝑡𝑜𝑝 𝑙𝑒𝑓𝑡 𝑐𝑜𝑟𝑛𝑒𝑟 𝑣𝑒𝑟𝑡𝑒𝑥 𝛿𝑆 𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑖𝑛𝑡 𝑆 𝑎𝑛𝑑 𝑙𝑖𝑛𝑒 𝒅   

𝒃 𝐿𝑖𝑛𝑒 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑂 𝑎𝑛𝑑 𝑡𝑜𝑝 𝑟𝑖𝑔ℎ𝑡 𝑐𝑜𝑟𝑛𝑒𝑟 𝑣𝑒𝑟𝑡𝑒𝑥 𝛼𝐹 𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑖𝑛𝑡 𝐹 𝑎𝑛𝑑 𝑙𝑖𝑛𝑒 𝒂  

𝒄 𝐿𝑖𝑛𝑒 𝑦 = 𝑦𝑂  𝛽𝐹 𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑖𝑛𝑡 𝐹 𝑎𝑛𝑑 𝑙𝑖𝑛𝑒 𝒃 

𝒅 𝐿𝑖𝑛𝑒 𝑥 = 𝑥𝑂 𝛾𝐹 𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑖𝑛𝑡 𝐹 𝑎𝑛𝑑 𝑙𝑖𝑛𝑒 𝒄  

𝑨 𝑉𝑒𝑟𝑡𝑒𝑥 𝑣𝑖 𝑡ℎ𝑎𝑡 𝑖𝑠 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑒𝑑 𝑏𝑦 𝑙𝑖𝑛𝑒 𝒂  𝛿𝐹 𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑖𝑛𝑡 𝐹 𝑎𝑛𝑑 𝑙𝑖𝑛𝑒 𝒅 

𝑩 𝑉𝑒𝑟𝑡𝑒𝑥 𝑣𝑖 𝑡ℎ𝑎𝑡 𝑖𝑠 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑒𝑑 𝑏𝑦 𝑙𝑖𝑛𝑒 𝒃   

𝑪 𝑉𝑒𝑟𝑡𝑒𝑥 𝑣𝑖 𝑡ℎ𝑎𝑡 𝑖𝑠 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑒𝑑 𝑏𝑦 𝑙𝑖𝑛𝑒 𝒄   

𝑫 𝑉𝑒𝑟𝑡𝑒𝑥 𝑣𝑖 𝑡ℎ𝑎𝑡 𝑖𝑠 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑒𝑑 𝑏𝑦 𝑙𝑖𝑛𝑒 𝒅   

 

3.2 Algorithm for Quadrilateral Forbidden Regions 

We propose here algorithms in the case that the forbidden region takes a right angle quadrilateral shape such as a 

square or a rectangle. We study two scenarios. The first one when the origin and destination regions are adjacent and 

the second one when the two regions are not adjacent. The two scenarios are shown in Figure 1 and Figure 2 

respectively. 
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Quadrilateral forbidden regions with adjacent origin and destination regions 

𝑖𝑓 𝑦
𝑆
≥ 𝑦

𝐹
  𝑡ℎ𝑒𝑛: 

𝑖𝑓 𝑥𝑆 ≥ 𝑥𝐹: 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐴 − 𝐹 
𝑒𝑙𝑠𝑒 𝑥𝑆 < 𝑥𝐹:  𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐵 − 𝐹 

𝑒𝑙𝑠𝑒  𝑦
𝑆
< 𝑦

𝐹
  𝑡ℎ𝑒𝑛: 

𝑖𝑓 𝑥𝑆 ≤ 𝑥𝐹:  𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐴 − 𝐹 
𝑒𝑙𝑠𝑒 𝑥𝑆 > 𝑥𝐹:  𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐵 − 𝐹 

 

 

 

Figure 1 Quadrilateral forbidden regions with adjacent origin and destination 

region 

Quadrilateral forbidden regions with nonadjacent origin and destination regions 

For this scenario there are two cases, when ∆𝑦 ≥ ∆𝑥 and when ∆𝑦 < ∆𝑥 . Figure 2a shows first case when 𝑦𝑆 ≥ 𝑦𝐹 

and Figure 2b shows second case when 𝑥𝑆 ≥ 𝑥𝐹. Following algorithm are presented shortest path corresponding to 

Figure 2a and Figure 2b:   

 

𝑖𝑓 
𝛼𝑆 

𝛼𝐹
≤
𝛽𝑆 

𝛽𝐹 
 𝑡ℎ𝑒𝑛: 

      𝑖𝑓 min{𝑥𝑣𝑖} ≤ 𝑥𝑆 𝑎𝑛𝑑 𝑥𝐹 ≤ max{𝑥𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐴 − 𝐵 − 𝐹 
      𝑒𝑙𝑠𝑒 𝑖𝑓 𝑥𝑆 > min{𝑥𝑣𝑖}  𝑎𝑛𝑑 𝑥𝐹 < min{𝑥𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐴 − 𝐹 

      𝑒𝑙𝑠𝑒 𝑖𝑓 𝑥𝑆 > max{𝑥𝑣𝑖}  𝑎𝑛𝑑 𝑥𝐹 < max{𝑥𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐴 − 𝐹 

      𝑒𝑙𝑠𝑒:  𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐵 − 𝐹 

𝑒𝑙𝑠𝑒 
𝛼𝑆 

𝛼𝐹
>
𝛽𝑆 

𝛽𝐹  
 𝑡ℎ𝑒𝑛: 

      𝑖𝑓 min{𝑥𝑣𝑖} ≤ 𝑥𝑆 𝑎𝑛𝑑 𝑥𝐹 ≤ max{𝑥𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐵 − 𝐴 − 𝐹 
      𝑒𝑙𝑠𝑒 𝑖𝑓 𝑥𝑆 < max{𝑥𝑣𝑖}  𝑎𝑛𝑑 𝑥𝐹 > max{𝑥𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐵 − 𝐹 

      𝑒𝑙𝑠𝑒 𝑖𝑓 𝑥𝑆 < min{𝑥𝑣𝑖}  𝑎𝑛𝑑 𝑥𝐹 > min{𝑥𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐵 − 𝐹 

      𝑒𝑙𝑠𝑒:  𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐴 − 𝐹 

𝑖𝑓 
𝛼𝑆 

𝛼𝐹
≤
𝛽𝑆 

𝛽𝐹 
 𝑡ℎ𝑒𝑛: 

      𝑖𝑓 min{𝑦𝑣𝑖} ≤ 𝑦𝑆 𝑎𝑛𝑑 𝑦𝐹 ≤ max{𝑦𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐴 − 𝐵 − 𝐹 
      𝑒𝑙𝑠𝑒 𝑖𝑓 𝑦𝑆 > min{𝑦𝑣𝑖}  𝑎𝑛𝑑 𝑦𝐹 < min{𝑦𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐴 − 𝐹 

      𝑒𝑙𝑠𝑒 𝑖𝑓 𝑦𝑆 > max{𝑦𝑣𝑖}  𝑎𝑛𝑑 𝑦𝐹 < max{𝑦𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐴 − 𝐹 

      𝑒𝑙𝑠𝑒:  𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐵 − 𝐹 

𝑒𝑙𝑠𝑒 
𝛼𝑆 

𝛼𝐹
>
𝛽𝑆 

𝛽𝐹 
 𝑡ℎ𝑒𝑛: 

      𝑖𝑓 min{𝑦𝑣𝑖} ≤ 𝑦𝑆 𝑎𝑛𝑑 𝑦𝐹 ≤ max{𝑦𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐵 − 𝐴 − 𝐹 
      𝑒𝑙𝑠𝑒 𝑖𝑓 𝑦𝑆 < max{𝑦𝑣𝑖}  𝑎𝑛𝑑 𝑦𝐹 > max{𝑦𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐵 − 𝐹 

      𝑒𝑙𝑠𝑒 𝑖𝑓 𝑦𝑆 < min{𝑦𝑣𝑖}  𝑎𝑛𝑑 𝑦𝐹 > min{𝑦𝑣𝑖}: 

𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐵 − 𝐹 

      𝑒𝑙𝑠𝑒:  𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝐴 − 𝐹 

  
2a 2b 

Figure 2 Quadrilateral forbidden regions with nonadjacent origin and destination region 

𝑂𝑟𝑖𝑔𝑖𝑛 
 𝑒𝑔𝑖𝑜𝑛

𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 
 𝑒𝑔𝑖𝑜𝑛

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
 

𝑂𝑟𝑖𝑔𝑖𝑛 
 𝑒𝑔𝑖𝑜𝑛

𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 
 𝑒𝑔𝑖𝑜𝑛
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3.3 Algorithm for Octagonal Forbidden Regions 

Assuming that we have a circular forbidden or no-fly region and that UAVs are restricted to travel in straight lines 

only, in order to find the shortest path from an origin point and a destination, the circular forbidden region is fit inside 

a regular octagon as shown in Figure 3. 

 

  
3a 3b 

Figure 3 Fitting a circular forbidden region in an octagon  

 

We concisely present two scenarios here. The first one when the origin and destination regions are adjacent and the 

second one when the two regions are not adjacent. There are multiple variations of the second scenario; however, we 

will discuss one variation only as an example that can be extended to other cases. 

 

Octagonal forbidden regions with adjacent origin and destination region 

As shown in Figure 4a, if the origin point S lies between lines d and a, and the destination F lies between lines a and 

c, then the shortest path is 𝑆 − 𝐴 − 𝐹. 
 

Octagonal forbidden regions with nonadjacent origin and destination region 

One of many variations of nonadjacent is shown in Figure 4b. Assuming S between lines a and BC, and F between 

lines BC and d, since S lies between a and c and F lies between b and d the shortest path is 𝑆 − 𝐶 − 𝐵 − 𝐹. 
 

 
 

4a 4b 

Figure 4 Octagonal forbidden regions with nonadjacent origin and destination region  

Since 𝐴, 𝐵, 𝐶 𝑎𝑛𝑑 𝐷 are vertices that is intersected by lines 𝒂, 𝒃, 𝒄 𝑎𝑛𝑑 𝒅, and 𝛼, 𝛽, 𝛾 𝑎𝑛𝑑 𝛿 variables, include that it 

is the shortest/perpendicular distance between the specified point and line. Let 𝒑, 𝒒, 𝒕 𝑎𝑛𝑑 𝒖 be members of set 

{𝒂, 𝒃, 𝒄, 𝒅}, and 𝑃, 𝑄, 𝑇 𝑎𝑛𝑑 𝑈 be members of set {𝐴, 𝐵, 𝐶, 𝐷}. Assume 𝜑𝑆 𝑎𝑛𝑑 𝜃𝑆 are members of set {𝛼𝑆, β𝑆, 𝛾𝑆, 𝛿𝑆} 
such that 𝜑𝑆  is the distance between point S and the right-side line (clockwise) and 𝜃𝑆 is the distance between point S 

and the left-side line (counterclockwise). Also, assume 𝜑𝐹 𝑎𝑛𝑑 𝜃𝐹 are members of set {𝛼𝐹 , β𝐹 , 𝛾𝐹 , 𝛿𝐹} such that 𝜑𝐹 is 

the distance between point F and the right-side line (clockwise) and 𝜃𝐹 is the distance between point F and the left-

side line (counterclockwise). The following pseudo code is presented algorithm for all adjacent and nonadjacent 

scenarios for octagonal forbidden regions: 

𝑂𝑟𝑖𝑔𝑖𝑛 
 𝑒𝑔𝑖𝑜𝑛

𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 
 𝑒𝑔𝑖𝑜𝑛

𝑂𝑟𝑖𝑔𝑖𝑛 
 𝑒𝑔𝑖𝑜𝑛

𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 
 𝑒𝑔𝑖𝑜𝑛
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𝐴𝑠𝑠𝑢𝑚𝑖𝑛𝑔 𝑆 𝑙𝑖𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝒒, 𝑎𝑛𝑑 𝐹 𝑙𝑖𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒 𝑎𝑛𝑑 𝒕 𝑡ℎ𝑒𝑛: 
𝑆 − 𝑄 − 𝐹 (𝑄 𝑖𝑠 𝑣𝑖 𝑡ℎ𝑎𝑡 𝑖𝑠 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑒𝑑 𝑏𝑦 𝑙𝑖𝑛𝑒 𝒒) 
 

𝐴𝑠𝑠𝑢𝑚𝑖𝑛𝑔 𝑆 𝑙𝑖𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝒒, 𝑎𝑛𝑑 𝐹 𝑙𝑖𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒕 𝑎𝑛𝑑 𝒖, 𝑡ℎ𝑒𝑛: ("𝑏𝑡𝑤" 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛) 
𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑄𝑇 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒖 𝑎𝑛𝑑 𝑄𝑇, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠:  𝑆 − 𝑄 − 𝑇 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑄𝑇 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒕 𝑎𝑛𝑑 𝑄𝑇, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠:  𝑆 − 𝑄 − 𝐹 

𝑒𝑙𝑠𝑒 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑇 − 𝐹 

 

𝐴𝑠𝑠𝑢𝑚𝑖𝑛𝑔 𝑆 𝑙𝑖𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝒒, 𝑎𝑛𝑑 𝐹 𝑙𝑖𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒕 𝑎𝑛𝑑 𝒑, 𝑡ℎ𝑒𝑛: 
𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑄𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑇𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠:  𝑆 − 𝑄 − 𝑈 − 𝑇 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑄𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒕, 𝑇𝑈 𝑎𝑛𝑑 𝑄𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠:  𝑆 − 𝑄 − 𝑈 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑄𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒕 𝑎𝑛𝑑 𝑄𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠:  𝑆 − 𝑄 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒, 𝑄𝑈 𝑎𝑛𝑑 𝑇𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑇𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠:  𝑆 − 𝑈 − 𝑇 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒, 𝑄𝑈 𝑎𝑛𝑑 𝑇𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒕, 𝑇𝑈 𝑎𝑛𝑑 𝑄𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠:  𝑆 − 𝑈 − 𝐹 

𝑒𝑙𝑠𝑒 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑇 − 𝐹 

 

𝐴𝑠𝑠𝑢𝑚𝑖𝑛𝑔 𝑆 𝑙𝑖𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝒒, 𝑎𝑛𝑑 𝐹 𝑙𝑖𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝒒, 𝑡ℎ𝑒𝑛: 

𝑖𝑓 
𝜑𝑆 

𝜑𝐹
≤
𝜃𝑆 

𝜃𝐹 
 : 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑄𝑇 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑡𝑤 𝑙𝑖𝑛𝑒𝑠 𝒒 𝑎𝑛𝑑 𝑈𝑃, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑄 − 𝑇 − 𝑈 − 𝑃 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑄𝑇 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑡𝑤 𝑙𝑖𝑛𝑒𝑠 𝒑, 𝑈𝑃 𝑎𝑛𝑑 𝑇𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑄 − 𝑇 − 𝑈 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑄𝑇 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑇𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑄 − 𝑇 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒, 𝑄𝑇 𝑎𝑛𝑑 𝑇𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑡𝑤 𝑙𝑖𝑛𝑒𝑠 𝒒 𝑎𝑛𝑑 𝑈𝑃, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑇 − 𝑈 − 𝑃 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒, 𝑄𝑇 𝑎𝑛𝑑 𝑇𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑡𝑤 𝑙𝑖𝑛𝑒𝑠 𝒑, 𝑈𝑃 𝑎𝑛𝑑 𝑇𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑇 − 𝑈 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒, 𝑄𝑇 𝑎𝑛𝑑 𝑇𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑇𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑇 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒 𝑎𝑛𝑑 𝑇𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒 𝑎𝑛𝑑 𝑈𝑃, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑈 − 𝑃 − 𝐹 

𝑒𝑙𝑠𝑒 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑈 − 𝐹 

𝑖𝑓 
𝜑𝑆 

𝜑𝐹
>
𝜃𝑆 

𝜃𝐹 
 : 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒 𝑎𝑛𝑑 𝑈𝑃 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑡𝑤 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑄𝑇, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑃 − 𝑈 − 𝑇 − 𝑄 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒 𝑎𝑛𝑑 𝑈𝑃 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑡𝑤 𝑙𝑖𝑛𝑒𝑠 𝒒, 𝑄𝑇 𝑎𝑛𝑑 𝑇𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑃 − 𝑈 − 𝑇 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒 𝑎𝑛𝑑 𝑈𝑃 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒 𝑎𝑛𝑑 𝑇𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑃 − 𝑈 − 𝐹  
𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑, 𝑈𝑃 𝑎𝑛𝑑 𝑇𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑡𝑤 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑄𝑇, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑈 − 𝑇 − 𝑄 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑, 𝑈𝑃 𝑎𝑛𝑑 𝑇𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑡𝑤 𝑙𝑖𝑛𝑒𝑠 𝒒, 𝑄𝑇 𝑎𝑛𝑑 𝑇𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑈 − 𝑇 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑, 𝑈𝑃 𝑎𝑛𝑑 𝑇𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒒 𝑎𝑛𝑑 𝑇𝑈, 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑈 − 𝐹 

𝑖𝑓 𝑆 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑇𝑈 𝑎𝑛𝑑 𝐹 𝑖𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑙𝑖𝑛𝑒𝑠 𝒑 𝑎𝑛𝑑 𝑄𝑇,𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑇 − 𝑄 − 𝐹 

𝑒𝑙𝑠𝑒 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑖𝑠  𝑆 − 𝑇 − 𝐹 

 
Figure 5 General case of octagonal forbidden regions with nonadjacent origin and destination region 
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 𝑒𝑔𝑖𝑜𝑛

𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 
 𝑒𝑔𝑖𝑜𝑛
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3.4 Computational Results 

We conduct 100 computational experiments to test the efficiency of the proposed algorithms in terms of their 

capability of identifying the shortest path in a timely manner.  The algorithms are programmed in Python 3.6 and 

experiments are run on a PC supported by an Intel Core i7 processor of 2.7 GHz CPU speed and 16 GB memory. For 

the 100 experiential runs, the average time taken by the computer model to find the shortest paths was 0.03 seconds. 

The thing that proves the methodology’s fitness to find shortest paths quickly in scenarios with more complex 

forbidden regions’ configurations and with larger number of vertices. 

 

4. Conclusions and Future Research 
In this paper, we present a geometry-based shortest path algorithm of UAVs’ travel in the presence of forbidden or 

no-fly zones. Forbidden regions are assumed either to take a quadrilateral shape or an octagonal shape. The octagonal 

shape is presented to provide a simplified solution to a problem with a circular shape forbidden region. The proposed 

set of algorithms is characterized by its simplicity and experimental results proves its ability to be executed in real-

time. Real-time execution allows UAVs’ ground controllers to change UAVs’ paths in an attempt to avoid an obstacle 

or a no-fly zone while rerouting them towards the shortest paths.  UAVs’ ability to fly safely is an important issue 

studied by government agencies, such as the FAA, and companies, especially those interested in aerial delivery and 

transportation of goods to customers. 

 

As a future extension, we suggest investigating UAVs travel in the presence of forbidden regions with more than eight 

sides and regions with non-polygonal shapes. Additionally, we suggest considering the third dimension of the 

forbidden region in future studies.   
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