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Abstract. The BamRescue Virtual Robot team is described in this paper. Ba-
mRescue intends to develop an intelligent team of heterogeneous robots to 
manage the elementary tasks of Urban Search and Rescue. Map generation and 
victim localization of our team as the most important factors of this challenge 
are based on a real time state graph. Path finding based on this model can lead 
us to have a subtle navigation while control of the robot will be fostered by this 
spatial localization idea. Major parts of challenges of the team are focused on 
autonomy and robotic performance. Ant colony algorithms used for path plan-
ning and optimization are finally described in this paper.  

1 Introduction 

Disaster rescue as one of the most serious social issues, involve very large numbers of 
heterogeneous agents in the hostile environment. The intention of the RoboCup Res-
cue project is to uphold research in this socially significant domain at various levels 
involving multi-agent team work coordination, physical robotic agents for search and 
rescue, information infrastructures, personal digital assistants, a standard simulator 
and decision support systems, evaluation benchmarks for rescue strategies and robotic 
systems that are all integrated into comprehensive systems of the future. 

This problem introduces researchers advanced and interdisciplinary research 
themes. For disaster researchers, RoboCup Rescue works as a standard basis in order 
to develop practical comprehensive simulators adding necessary disaster modules. A 
diverse spectrum of possibilities of this technology will contribute to the creation of 
the safer social system in the future. 
Urban Search And Rescue as a challenging area of robotics research generally re-
quires a heterogeneous team of robots, that combine individual skills, and cooperate 
to solve the rescue task. The Virtual Robot competition is a test bed for evaluating 
necessary skills for urban search and rescue, providing several tests like mobility, 
mapping, victim finding, cooperation and communication. 



In this paper mechanisms of controlling and navigation of semi-autonomous robots 
are introduced. These methods are based on a series of logical algorithms which can 
lead rescuers to have an accurate and easy-to-understand model of disaster area for 
further operations. Team coordination, map generation and victim localization as the 
most important areas in our study are highlighted in this description paper. Path find-
ing based on a real time state graph can lead to have a robust navigation and control 
of the robot. Victim finding will be faster using this spatial localization idea. 

2 Team Members and Their Contributions 

• Nader Nikbakht Communication/Mobility/Victim Identification 
• Arash Givchi Coordination/Map Generation 
• Kamran Zamanifar Advisor 

3 Control Method and Human-Robot Interface 

Each area ―i.e. buildings and other rescue arenas― according to structure and foun-
dation reflects different models of destruction after a natural disaster. BamRescue was 
based on partial autonomy in which robots could be controlled by an operator if the 
robot is out of the right way and operator has gained enough information to take con-
trol of the robot. 
Navigation and control of the robotic team in autonomous mode is based on real time 
state graph in which its nodes will be created while agents traverse. 
For this purpose there has to be a predefined default step length for first moves from 
base point; after that, the robot can modify or improve the step length based on some 
factors in the disaster area such as: 

− Type of the arena in which robots make decisions (e.g. indoor or outdoor), 
− Density and congestion of debris,  
− Existence of victims in the arena, 
− Time limit and other real time features. 

Base point of the robot is set to graph node number one. Finding the next node is 
based on some simple rules: 

− If the robot has recognized a victim or any moving object near the node 
which is now in, next node will be defined and placed near that victim― this 
is done for saving positions and getting information about the victim. 

− If the robot has not recognized any victim or moving object, it has to go to a 
node to which there is low congestion of nodes (the robot saves the track it 
traversed). 

− If the robot is in unidentified situation it can handle a random move based on 
average size of distance limitations. 

In order to cope with preceding rules agents have to save some information: 
 



1. It saves some pervious nodes for backtracking and decision makings on node 
congestions. 

2. It saves height of the graph from the base point for finding and presenting 
path to objects it has found. 

3. If it reaches a visited node; the robot updates the height of the graph up to 
this node using Floyd algorithm to present the shortest path in the map. 

 
Main plan for victim finding is based on the idea that usually in disaster environments 
of urban localities victims are located near each and sometimes they join each other to 
improve chance of survival. 
In order to benefit from this assumption, we use spatial locality idea for finding vic-
tims. So in our state graph if the robot finds one or some victims in a part of arena 
then it tries to mark and make its next node in an appropriate range relative to the 
victims and add this feature to those points for decision making. 

Due to our pervious research on autonomous decision making in different arenas, 
and proposition of real- time state graph, that leaded to If- Then rules which utilized 
the motion of robots, this year we bring some levels of intelligence to robots coope-
rating together as a multi-agent system. As a consequence we have to prepare facili-
ties for our agents to communicate with each other in proper and sufficient manner. 
Beside this idea, one of the ideas we proposed last year as a key factor to victim find-
ing after natural disasters, was using of the “spatial locality of victims”, and we have 
got this idea because of previously gathered statistics and information in real disaster 
situations, and logical reasons in improving the survival chance gathering in groups; 
so it is somehow logical to search a defined radius of an area which there are some 
victims in there. 

For extending mentioned ideas we model our world as a layered one, which covers 
a virtual layer for communication facilities among agents. Hereby, we are going to 
propose our ant- based path planning which is based on the amount of pheromones 
which are deposited on virtual roads. The amount of pheromone on paths depends on: 

 
- If there is any victim attached to the nodes of graph. 
- How many times the road has been traversed without any block. 
- How many debris are in the vicinity of a road. 
- Distance and other physical identifications. 
 
Each agent is responsible for updating its current node according to the above con-

ditions where these modifications will be informed locally to others. Pheromone eva-
poration is one method for modeling the activity of variable environment. The phe-
romone evaporation is calculated according to the following formula: 

 
Where  is the amount of pheromone in the road between nodes r, s. 

 is the evaporation rate and  is the amount of pheromone newly depo-
sited pheromone from other k agents. 



Therefore, communication can be established among agents, not only for reporting 
victim density in an area, but also for other elements in area which could have im-
pacts on path-planning of each agent. For this purpose we calculate the amount of 
pheromone to be deposited by each agent by using the weight average of the depen-
dencies which mentioned above. Finding shortest path will become crucial when it 
comes to finding an out way due to maintenance of each robot or sending robot to an 
especial point in the arena because of no clear reasons such as guessing whether there 
are any victims in some regions of arena or not. Our virtual layer which is covered by 
ant’s pheromones will be also feasible for such theses important decision makings by 
calculations on pheromones which already exist on the layer. 
 

4 Map generation/printing 

As we described in the previous section, when the robot positioned in a new node of 
the state graph, it scans its surrounding ―360 degrees― to examine the local envi-
ronment by radiation of sonar range sensor. By each radiation and hit with external 
objects, the robot will identify the hit point position and marks it with exact (x, y, z) 
on the map as a relative position of mentioned point. By connecting these different 
points in the map we can estimate the primitive shape of objects in the arena― figure 
1. 
The problem of this method is in distinguishing of different objects such as ramp 
surfaces and vertical surfaces (walls). To solve this problem the robot will radiate its 
range sensor with same angle and different height (through z axis) to some points of 
the surface. The number of radiations has to be set by different local information such 
as Maximum height of external objects that the robot can recognize at its local posi-
tion (node). 
Now it is time to compare each two point’s coordination and infer: 
1. If the hit points have the same x and y values, and the z values of the points are 

different, the robot will mark them as a vertical object such as wall in the map. 
2. If coordination is completely different in x, y and z axes the robot marks it as a 

ramp surface such as a ramp. 
For designing the map and depicting the sensed objects in it, we use color strength, 
traveling from bright to dark (of the same color). In this method for clarification of 
the map, vertical surfaces points will become darker when the robot becomes nearer 
to them and ramp surfaces points will become brighter. Therefore by this method we 
can use color strength as an additional dimension of the map. 
 



 
Fig 1.  If hit points have the same x and y values, with different z values, the robot will mark 

them as a vertical object; if coordination is completely different in x, y and z axes the robot 
marks it as a ramp surface. 

5 Communications 

According to the competition rules all communications will use the Wireless Com-
munication Server. Because of the possible delays of the Server and speed limits of 
data transfer, there might be a significant impact on the robot control performance. 
Problems associated with wireless communications are solved. BamRescue tries to 
make the majority of decisions autonomously on the robots to reduce the communica-
tion traffic and in order to have a much more reliable simulation. 

6 Robot Locomotion 

At the moment the system of locomotion of the main robots of our team is wheeled 
and tracked system. Talon and P2AT are obviously different in their locomotion ca-
pabilities and this lets us have much more flexibility in confrontation of different 
environmental difficulties. We have started a set of initial tests to check the mobility 
performance of Talon in ramps, slabs, debris and uneven floors and generally places 
that need maximal demand on locomotion. 
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