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Abstract 

Mobile robots typically operate in a dynamically changing unknown environments. The Bug family algorithms were 

developed to address path planning challenges for ground vehicles within 2D configuration spaces of unknown 

environments. These algorithms utilize local sensory data about obstacles encountered during navigation. This paper 

introduces the implementation of Bug1 and Bug2 local path planning algorithms in ROS Noetic. Traditional 2D Bug 

algorithms are extended into 3D Gazebo simulation environment. Performance evaluation of Bug1 and Bug2 were 

conducted using the TurtleBot3 Burger model in both simple convex and maze environments. 
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1. Introduction 

There are two main path planning models distinguished 

by the type of information they utilize. The first model, 

known as path planning with complete information or 

global navigation, assumes that a robot possesses 

comprehensive information about its surroundings. In 

contrast, the second model, known as path planning with 

incomplete information, introduces uncertainty about an 

environment [1]. It is essential to integrate both global 

and local path planning strategies to ensure secure robotic 

navigation. In this context, a primary objective of local 

planners is to adhere to an initial plan provided by global 

planners [2]. Thus, an implementation of a safe and 

reliable local navigation algorithm, tested in conditions 

close to real-world scenarios, holds a significant 

importance. 

 The Boundary-following and Ultimate Goal (BUG) 

family of algorithms is among the most renowned in the 

field of local path-planning. The BUG algorithms follow 

a simple cycle consisting of two states. In the first state, 

a robot pursues a directly or intricately calculated path to 

a target point until encountering an obstacle. The second 

step involves circumnavigating the obstacle until an exit 

condition is met.  

This paper outlines challenges and potential solutions 

for implementing local path-planning algorithms within 

3D environments, utilizing Bug1 and Bug2 as reference 

models. It marks an initial step toward an implementation 

of more complex BUG algorithms [3], [4]. The 

algorithms were implemented in ROS and evaluated in 

Gazebo simulator using TurtleBot3 Burger [5]. Custom-

designed environments were used for testing while as a 

part of our ongoing work the algorithms are being 

validated employing a broad set of environments 

generated by an automatic tool for Gazebo simulator [6] 

and a number of standard warehouses’ models [7]. 

2. Algorithms Overview 

The Bug1 and Bug2 algorithms are a foundation for the 

entire BUG family, encompassing algorithms such as 

Class 1, 2 and 3 [8], Alg1 and Alg2 [9], [10], VisBug21 

and VisBug22 [11], Wedgebug [12], Rev1 and Rev2 [13], 
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Distbug [14], TangentBug [15], CautiousBug [16] and 

others. Both algorithms operate by transitioning between 

two states: move-to-target and boundary-following (Fig. 

1). These algorithms require a robot to be equipped with 

a touch sensor, rendering them useful for compact 

machinery. Next, we offer a brief overview of Bug1 and 

Bug2 algorithms. For a more in-depth analysis refer to the 

original work of Lumelsky and Stepanov [1]. 

 
Fig. 1. Trajectory of Bug2 algorithm. Red lines depict 

the move-to-target state, while blue lines illustrate the 

boundary-following state. 

We use the following notations for both algorithms: 

• Target – a destination point that the robot should 

eventually reach. 

• Li (leave point) – a point defined when departing from 

an i-th obstacle to resume moving toward Target. 

• Hi (hit point) – a point defined when an i-th obstacle 

is encountered. 

2.1. Bug1 Algorithm 

For the Bug1 algorithm we introduce variable Qm that 

stores an encountered point with a minimal distance 

between an obstacle boundary and Target. Additionally, 

we will introduce three registers: R1 to store coordinates 

of the point Qm, R2 for a length of the obstacle boundary 

from Hi to Qm, and R3 for a length of the obstacle 

boundary from Qm to Hi. The following steps are 

executed at every point of a continuous path: 

1) From point Li-1 move toward Target along a straight 

line until one of the following events occurs: 

(a) Target is reached: stop the algorithm. 

(b) An obstacle is encountered: define hit point Hi 

and proceed to step 2. 

2) Follow the obstacle boundary using a local direction 

(local information about the obstacle’s boundary):  

(a) If Target is reached: stop the algorithm.  

(b) Otherwise, traverse the boundary and return to 

Hi. Define new leave point Li = Qm and 

proceed to step 3. 

3) Apply a test for target reachability. If Target is not 

reachable, stop the algorithm. Otherwise, using 

content of registers R2 and R3, determine a shorter way 

along the boundary to Li, use it to get to Li. Increment 

counter i and go back to step 1. 

2.2. Bug2 Algorithm 

Steps of Bug2 are executed at any point of a continuous 

path as follows: 

1) From point Lj-1, move along a straight line (Start, 

Target) until one of the following events occurs: 

(a) If Target is reached: stop the algorithm. 

(b) An obstacle is encountered: define hit point Hj 

and proceed to step 2. 

2) Follow an obstacle boundary: 

(a) If Target is reached: stop the algorithm. 

(b) If line (Start, Target) is met at point Q such 

that distance d(Q) < d (Hj), and line (Q, 

Target) does not cross the current obstacle at 

point Q. Define leave point Lj = Q. Increment 

counter j and go back to step 1. 

(c) If the robot returns to Hj and, hence, completes 

a closed curve (the obstacle boundary) without 

defining next hit point Hj+1, it means that 

Target cannot be reached, stop the algorithm. 

3. Implementation 

Several challenges were encountered during Bug1 and 

Bug2 algorithms’ implementation in ROS/Gazebo. The 

first problem was a simulation of a touch sensor for the 

TurtleBot3 Burger robot. It is equipped with a 180 

degrees field of view range sensor for safety and integrity 

reasons [5]. To simulate a touch sensor, we restricted the 

sensor’s vision range to ρv = 1.5Rb, where Rb is a radius 

of a robot’s body circumcircle. Touch sensors usually 

provide boolean values: true means that a robot is 

touching an obstacle, false otherwise. In our 

implementation we divided a field of view into five 

quadrants (of 36 degrees each) and register collision 

events within each quadrant independently. Another 

problem is that Bug1 and Bug2 do not limit robot’s 

forward and angular velocities [1]. The most 

straightforward solution is to set a constant velocity. 

Potential further enhancements may incorporate a PID 

controller into the algorithm’s pipeline. 

Our implementation and validation were conducted 

using Ubuntu OS, employing robust capabilities of Robot 

Operating System (ROS) Noetic Ninjemys and the 

Gazebo simulator [17], [18]. The system configuration 

for the rigorous testing and validation is outlined in Table 

1. For testing purposes, we selected the TurtleBot3 

Burger (see Fig. 2) as the robot model [19]. The 

algorithms were initially implemented in Python, 

leveraging its popularity and the ease of prototyping and 

development. However, recognizing the importance of 

computational efficiency, we plan to reimplement the 

algorithms in C++. 
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Table 1. System configuration 

Component Specification 

OS Ubuntu 20.04 LTS 

ROS Noetic Ninjemys 

Gazebo 11.11.0 

Processor Intel Core i5-11300H @ 3.10GHz 

RAM 24 GB 

 

 
Fig. 2. TurtleBot3 Burger in the Gazebo environment. 

There are three ROS nodes created to simulate a cycle 

of switching the states: 

1) Main: operates continuously, responsible for 

calculating an optimal time to switch between the 

states based on predefined conditions. 

2) Go-to-Target: orients and moves the robot toward 

the target. 

3) Follow-Wall: facilitates the circumnavigation of 

obstacles. In the case of Bug1, there are two 

instances of this node – one for clockwise rotations 

and another for counterclockwise rotations. 

4. Validation 

To ensure the robustness and effectiveness of the Bug1 

and Bug2 algorithm implementations, a comprehensive 

validation process was undertaken in Gazebo simulator 

using ROS navigation stack [19], [20].  The validation 

encompassed a diverse set of tests conducted in 3D 

simulation world featuring individual complex obstacles 

and a maze [6]. To ascertain the correctness of the target 

point reachability determination, a testing scenario was 

implemented for both Bug1 and Bug2 algorithms. The 

validation process involved 30 tests for each algorithm on 

maps with convex obstacles. Half of these tests featured 

reachable targets, while the remaining half featured 

unreachable targets.  

Given the Bug1's requirement to fully circumnavigate 

obstacles, testing in maze environments was time-

consuming. Thus, only 10 tests for each algorithm were 

conducted on the maze map, with an equal distribution of 

reachable and unreachable target scenarios. All target 

points were accurately identified for reachability in every 

test scenario. When a point was deemed reachable, the 

robot successfully navigated its path to the target, 

affirming the efficacy of the Bug1 and Bug2 algorithms. 

The outcomes of the Bug1 and Bug2 algorithms were 

visually demonstrated through simulations in Gazebo. 

Fig. 3 illustrates a resulting path in an environment with 

convex obstacles, achieved by the Bug1 algorithm. Fig. 4 

presents a resulting path in the same environment by 

Bug2. Notably, a difference was significant, with Bug2 

path displaying a more straightforward trajectory, which 

is observed in a substantial portion of the conducted tests. 

 
Fig. 3. Path of Bug1 in the environment with convex 

obstacles (white dashed line). 

 

 
Fig. 4. Path of Bug2 in the environment with convex 

obstacles (white line).  

5. Conclusion 

In this work we presented the implementation of the 

Bug1 and Bug2 algorithms, delving into the challenges 

encountered while integrating local navigation 

algorithms into realistic ROS/Gazebo simulations. This 

article lays a ground for future implementations of more 

complex BUG family algorithms.  
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