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Abstract—Motion planning is a common task required to be 

fulfilled by robots. A strategy combining Ant Colony Optimization 
(ACO) and gravity gradient inversion algorithm is proposed for 
motion planning of mobile robots. In this paper, in order to realize 
optimal motion planning strategy, the cost function in ACO is 
designed based on gravity gradient inversion algorithm. The obstacles 
around mobile robot can cause gravity gradient anomalies; the 
gradiometer is installed on the mobile robot to detect the gravity 
gradient anomalies. After obtaining the anomalies, gravity gradient 
inversion algorithm is employed to calculate relative distance and 
orientation between mobile robot and obstacles. The relative distance 
and orientation deduced from gravity gradient inversion algorithm is 
employed as cost function in ACO algorithm to realize motion 
planning. The proposed strategy is validated by the simulation and 
experiment results. 
 

Keywords—Motion planning, gravity gradient inversion 
algorithm, ant colony optimization. 

I. INTRODUCTION 

OTION planning and obstacle avoidance are the two 
related areas of research with broad commercial and 

military applications. How to do motion planning and obstacle 
avoidance effectively is still a major challenge in autonomous 
navigation field nowadays [1], [2].  

Over past decades, object detection algorithms based on 
gravity gradient and magnetic anomaly have been researched 
widely [3]-[7]. Gravity gradient inversion algorithm is widely 
applied into underwater object detection. In [4], gravity 
gradient inversion method is firstly applied to detect abnormal 
underwater objects in underwater environment. In [5], gravity 
tensor and gravity gradient tensors are combined to realize 
passive subsurface underwater object detection. In [7], gravity 
gradient differential and the gravity gradient differential ratio 
caused by the relative motion between the AUV and the 
underwater object is applied to realize underwater object 
detection. 

ACO is an evolutionary algorithm and it has ability to solve 
some difficult problems in the optimization path planning of 
mobile robots [8]. In [9], ACO algorithm is utilized to find the 
shortest and collision-free route between a starting point and a 
destination point in a grid network. In [10], ACO is applied to 
robot path planning in a dynamic environment. Two different 
pheromone re-initialization schemes are compared. In [11], 
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authors adopt ACO to establish an effective UAV path planning 
scheme under obstacle-avoidance constraint. In [12], Rong Du 
et al. present so-called I-ACO (Improved ACO) algorithm to do 
path planning and collision avoidance. They divide the I-ACO 
into two modes, one is approaching mode and another is 
capturing mode, such strategy provides the path planning 
methods with direction factor to keep the pursuers tracking the 
evaders, and a blocking rule is introduced to prevent the virtual 
ants from moving to a place repeatedly. In [13], ACO algorithm 
is successfully applied in complex environment to help mobile 
robots to avoid obstacles.  

In this paper, gravity gradient inversion algorithm is 
combined with ACO to do motion planning and obstacle 
avoidance for mobile robots.  

This paper is organized as follows. In Section II, system 
architecture of this platform is introduced and analyzed. In 
Section III, motion planning algorithm based on joint gravity 
gradient inversion and ACO is introduced and analyzed. In 
Section IV, simulation results are discussed. Conclusions are 
summarized in Section V. 

II. SYSTEM OVERVIEW 

The general system architecture of the proposed motion 
planning strategy is shown in Fig. 1. In this paper, ACO 
algorithm and gravity gradient inversion algorithm are 
combined to realize motion planning and obstacle avoidance. 
The proposed algorithm in this paper can find a shortest and 
collision-free path for mobile robots. The flow chart is shown in 
Fig. 1. 

The general system architecture of the proposed motion 
planning strategy is shown in Fig. 1. Assuming a fact that a 
gradiometer is installed on each ant in ACO, when each ant 
moves from nest to the destination where food is available, 
gravity gradient inversion algorithm is employed to calculate a 
relative distance between the ant’s current location and its 
destination. In this paper, gradiometer installed on each ant in 
ACO can detect gravity gradient anomalies caused from the 
ant’s destination, under such assumption, gravity gradient 
inversion algorithm is implemented to obtain the relative 
distance of the ant’s destination, then, the distance is employed 
into heuristic function in ACO to realize motion planning.  

Hybrid Gravity Gradient Inversion-Ant Colony 
Optimization Algorithm for Motion Planning of 

Mobile Robots 
Meng Wu 

M



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:14, No:4, 2020

161

 

Fig. 1 Flow-Chart of Motion Planning Algorithm based on ACO 
combined with Gravity Gradient Inversion Method 

III. DESCRIPTION OF PROPOSED ALGORITHM 

A. Introduction of ACO 

Animals such as ants and honeybees have an ability to 
manage to establish shortest path from their nest to the food 
location and back to the nest by group cooperation. In this paper, 
virtual ants can deposit pheromone during their return to the 
nest. Imaging a fact that a gradiometer is installed on each 
virtual ant, gravity gradient anomalies which are caused from 
the location of food can be detected. After obtaining values of 
gravity gradient anomalies from the gradiometer, each virtual 
ant can know the relative distance and direction of the food. In 
this paper, gravity gradient tensors are introduced as heuristic 
information into ACO.  

When ACO combined with gravity gradient inversion 
algorithm is implemented, a group of individual ants is created. 
These ants will explore a grid-based map. When an ant is 
exploring the grid map, there are several possible ways to 
follow at every point in the map [13]. A probabilistic way is 
employed for each ant to choose path, and the probability for a 
path to be chosen is determined by each ant’s pheromone 
concentration and heuristic information, which is illustrated in 
(1) and [13] as: 
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in which: k

ijp  = probability of ant k to choose a path from i to j, 
k
ij  = pheromone concentration in the path from i to j, kNi  = 

neighboring nodes of ant k where its location is at node i, k
ij  = 

heuristic information known about the path between i and j, 
 &  = representation of influence the pheromone 
concentration and the heuristic information in the decision of a 

virtual ant. k
ijd = the distance between i and j  , ,k x y zantij

 = gravity 

gradient anomalies caused from location of food. 
The pheromone deposited on the grid map from node i to j is 

subjected to evaporation, which means its concentration decays 
over time, and the decay is represented by (2):  
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in which:  ij t n  = “intensity of trail” between node i and node 

j at time t+n,  = evaporation ratio which represents how much 

information is left between iterative time t and t+n, ij = sum 
of all m ants’ pheromone laid on the edge between i and j 
during iterative time between t and t+n, k

ij = kth ant’s 

pheromone laid, Q =pheromone gain which is a constant, kL = 
kth ant route length 

In this paper, heuristic information arises from the Euclidean 
distance between node i and j.  
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in which: k
ijd = Eulidean distance between node i and j, ant k is 

located at node i, G = Gravitational constant, M = mass of an 

obstacle located in node j, k
ij = heuristic information; 

 , ,k x y zantij
 = gravity gradient anomalies caused by an obstacle at 
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node j where we could apply gravity gradient inversion 
algorithm to calculate the relative distance between node i and 
node j. Assuming a fact that an ant k is planning to move from 
node i to its neighbor nodes, the gradiometer installed on the ant 
k can detect gravity gradient anomalies caused by an obstacle 
located at any neighbor node. if the distance is less than radius 
of obstacle, the ant k will make a decision to go to other nodes 
instead of the node where there is an obstacle. The details of the 
algorithm are shown in Fig. 2, and the gradiometer is employed 
to judge relative distances between the mobile robot and its 
neighbor obstacles.  

 

Fig. 2 Graphical Representation of ant k’s path planning to avoid 
obstacle which is located in neighbour nodes 

B. Flow Diagram of Geophysical-Based ACO Algorithm 

In Fig. 3, the flow diagram shows how mobile robot modifies 
its tabu table to find an optimal path and avoid obstacles. The 
gradiometer is to detect relative distance between the mobile 
robot and its neighbor obstacles, then, the distance can be 
employed to build tabu table in ACO algorithm.  

IV. SIMULATION AND RESULTS 

In this simulation, gravity gradient inversion algorithm is 
combined into ACO method to realize motion planning for 
mobile robots. The simulation is based on a grid map which is 
20x20, the cell size is 25 m. The simulation result is shown in 
Fig. 4. In Fig. 4, when we set the iteration times as 200 Times, 
ACO combined with gravity gradient inversion algorithm is a 
good solution to find shortest path efficiently within complex 
obstacles and shows a good performance in motion planning.  

V. CONCLUSION 

This paper proposed a motion planning approach for mobile 
robots using gravity gradient inversion algorithm and ACO 
algorithm. Specifically, the heuristic function in ACO is 
designed based on gravity gradient inversion algorithm. A 
shortest and collision-free path is obtained based on the method 
proposed in this paper. The simulation clearly demonstrates the 
efficacy of the proposed approach, which successfully achieves 
very high levels of motion planning and obstacle avoidance.  

 
 

Fig. 3 Flow diagram of ACO combined with Gravity Gradient 
Inversion Algorithm 
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Fig. 4 Simulation Result based on ACO and Gravity Gradient Inversion Algorithm 
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