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ABSTRACT 

 

In this study, a fire-fighting scenario in an office environment wherein three different 

nonholonomic differential-drive mobile robots are used is considered as a case study. The 

2D configuration space of the office environment is divided into grid cells by using the 

method of “Occupancy Grid Map” such that each grid cell is associated with each 

interrelated node. Each robot constructs a reachability three by using these nodes and 

Breadth-First Search (BFS) algorithm. The back-tracking algorithm is used to obtain the 

finite solution set of paths from the motion planning. The set of alternatives is 

constructed by randomly selecting routes from the finite solution set of paths. Each robot 

determines its own best route by applying Multi-Criteria Decision Making (MCDM) 

methods such that “Elimination et Choix Traduisant la Realite (ELECTRE I)” and 

“Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS)”. Criteria 

for the path selection is weighted by applying the method of “Analytic Hierarchy Process 

(AHP)”. Then, each robot except the leader robot sends its best path-info to the leader so 

that the leader robot determines the most suitable robot that conforms to the fire-fighting 

task by using AHP. To analyze the effect of criteria’s weights on the alternatives and 

perform sensitivity-graphs, Expert Choice 11 software is used. The robot determined by 

the leader executes the task by tracking its own best path. 
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1. Introduction 

 

A mobile robot (MR) constructs its route from its start point to a specific point by using 

motion planning techniques in order to execute the given task. In motion planning, the 

total length of the path is generally considered as a main criteria (Ramos, 2010) and A* 

algorithm is used to construct a minimal total-length path (Murphy, 2000). This criterion 

is not only the one, but criteria such as “changes in direction”, “length in reverse gear”, 

“index of smoothness”, “average distance” are also considered (Ramos, 2010). MR is 

able to generate more than one path from its goal point to the specific point since the 

configuration space is applicable. This occurs the finite-set of alternative paths such that 

the best path is determined by MR according to previously defined criteria. 

 

In (Ramos, 2010), nonholonomic car-like single MR is considered, and the best path is 

chosen by using the methods of ELECTRE I, II and PROMETHEE I, II. It is also that 

there is no info how the weights of criteria are specified. These Multi-Criteria Decision 

Making (MCDM) methods are generally applied in the field of economics, environmental 

issues, logictic, etc. and not commonly in the field of MR. 

 

In this study, a fire-fighting scenario in an office environment wherein three different 

nonholonomic differential drive multi-MR are used is considered as a case study. Each 

MR determines its own best route by applying MCDM methods such that ELECTRE I 

and TOPSIS. Criteria for the path selection which are “total length”, “number of 

rotations”, “the amount of open space”, and “the floor-roughness” is weighted by 

applying the method of “Analytic Hierarchy Process (AHP)” (Saaty, 1989). Then, each 

robot except the leader robot sends its best path-info to the leader so that the leader robot 

determines the most suitable robot that conforms to the fire-fighting task by using AHP. 

To analyze the effect of criteria’s weights on the alternatives and perform sensitivity-

graphs, Expert Choice 11 software is used. The robot determined by the leader executes 

the task by tracking its own best path. 

 

2. Literature Review 

In general, navigation is the problem of finding a collision-free motion for the robot 

system such a MR from a named place to another in configuration space that is known, 

unknown or partially known environment (Choset, 2005). In practically, MR cannot 

generate a direct motion path from a start (home) point to a goal (destination) point in 

configuration space so that path planning techniques for MRs must be used in this 

situation. Occupancy Grid Map (Moravec, 1985) method is used to divide 2D 

configuration space into grid cells. Each cell is associated with interrelated nodes by 

using offline planning. Breadth-First Search (BFS) algorithm (Murphy, 2000) which is 

based on visiting all neighbor-nodes, is used for obtaining reachability tree from the start 

point to the goal point. Back-tracking method is applied on this reachability tree to obtain 

the set of paths. 
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3. Hypotheses/Objectives 

A two-phased decision methodology is used. Required data is mostly obtained from the 

motion planning by using nodes and environment info. Each MR determines its own best 

route and the leader robot chooses the most suitable robot that conforms to the task by 

using AHP. Then, the robot determined by the leader executes the task by tracking its 

own best path. 

 

4. Research Design/Methodology 

The mixed method which has 2 steps is used in this study. Data is mostly obtained from 

the motion planning by using nodes and environment info. 

1. Firstly, each robot determines its best route by using ELECTRE I and TOPSIS. 

The result is the same in respect of both methods. The weights of criteria is 

assigned by the AHP where data and author’s expert view are used for pairwise 

comparisons. Criteria for the path selection are “total length”, “number of 

rotations”, “the amount of open space”, and “the floor-roughness”. 

2. Secondly, the leader robot determines the most suitable robot that conforms to 

the task by using AHP. The weights of criteria is assigned by the AHP where 

data and author’s expert view are used for pairwise comparisons. Criteria for the 

robot selection are “velocity (linear/angular)”, “the capacity of the battery”, “the 

capacity of the fire extinguisher”, and “criteria for the path previously determined 

by each MR”. 

 

5. Data/Model Analysis 

TOPSIS, ELECTRE and AHP methods are used for different phases of this study. Figure 

1 represents one of the paired comparison matrix for criteria - changes in direction”, 

“length in reverse gear”, “index of smoothness”, and “average distance” related to the 

path with the inconsistency index as 0.06. Figure 2 shows that if the weight for criterion 

Speed increases, Robot 1 becomes the best alternative. 

 

  
 

Figure 1. Paired comparison matrix for path criteria  

 

 
Figure 2. An example view for sensitivity analysis  
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6. Limitations  

Assumptions are: 

 Grid cells, nodes and relations of nodes are offline planned. 

 Configuration space and objects are known by MR. 

 The goal/destination point is reachable. 

 MR has a perfect localization. 

 

7. Conclusions 

In this study, MCDM techniques which are ELECTRE I, TOPSIS and AHP are applied 

on the field of robot motion planning. We have not come across a study uses MCDM 

techniques to define the best route and/or the best robot in related topics. This could 

motivate researchers on the area of Electric/Electronic Engineering and the Computer 

Science for a multidisciplinary work. This study already is an example for that. 
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9. Appendices 

The configuration space is shown as in Figure 3. Figure 4 represents accessibility tree for 

Robot 1, as an example. 
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Figure 3. (a) 2D Configuration Space and (b) Offline Planning 

 

 

 

 
 

Figure 4. Accessibility tree for Robot 1 
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