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Introduction 
 

The aim of the Collaborative Cognitive Maps (CoCoMaps) project is to 
 

 Improve natural human-robot communication & collaboration 

 Working together on task specification and completion 

 Based on real-time dialogue skills 

 Cognitive model of turn-taking, knowledge and goals 

 Task-oriented coordination of multi-party task completion 

 Using conversational dialogue to obtain and convey information 

 

The experiment CoCoMaps uses an expanded version of the existing Cognitive Map 

Architecture implemented on Honda’s ASIMO robot in an environment with more complex 
tasks than already attempted. This will allow the robot to interact in more complex ways, in 
particular, to simultaneously interact with another robot and more than one person at a 

time. Thus, the project aims for a group of 2 robots and 2 humans. These systems will 
enable social interactions that can coexist with the robots’ attention to – and completion of 
– practical tasks in the workplace. A particular focus is on human detection and tracking 

algorithms and on an improved dialogue system. 

The principal components of the dialogue system, as targeted in this demonstration, have 
been validated piece-wise in laboratory settings, and some subsystems have been 

demonstrated to work in combination; a final unified, fully integrated whole remains to be 
demonstrated and is thus targeted here. Deployment in a single robot has been 
demonstrated, but demonstration on multiple robots has only been demonstrated in 

simulation; here targeted for integrated demonstration. 

CoCoMaps is receiving funding from ECHORD++ which is funded by the European Union’s 
Seventh Framework Programme for research, technological development and 

demonstration under grant agreement no 601116. 
 

  

http://echord.eu/


             
 

Functionality 
 

The distributed system will require the following overall functionalities and functions. 

 

Mapping 
The robots and the system will need the ability to communicate about the locations of the robots and about 

humans currently observed in the scene. Each robot will have its own map and will have to synchronise 

mapping information so the full distributed system agrees on the same map. 

 

Navigation 
The robots need to be able to plan and execute navigation within the local and global maps and 

communicate navigation planning with other parts of the system. 

 

Motor control 
Each robot will need the ability to control their motors to execute own motion commands and drive around 

according to the navigation requirements. 

 

Speech 
Each robot will need the abilities to listen and process audio and to output planned audio in the form of 

speech. Some of the speech processing and planning may happen centrally in the distributed system. 

 

Vision 
Each robot will need the ability to visually sense its surroundings, both in terms of colour RGB images and in 

terms of depth sensing. This data will be processed both locally and centrally. 

 

Display 
Each robot will have an attached physical display on which to show visual information to nearby humans. 

  



             
 

Hardware Components 
 
The following hardware components will form parts of the distributed system. 

 

Robot 
The robots themselves consist of the physical robot base and frame, one RGBD depth camera, a local built-in 

on-board processing unit, battery power, charging station and a top mounted display for visual output 

communication. The on-board processing unit will communicate with other components using WiFi. 

 

Processing stations 
The central processing stations are much more powerful workstations which can do much more heavy duty 

work. They participate as integral part of each system and the robots can offload any processing needed to 

these, such as facial recognition and speech processing. 

 

User interfaces 
A number of user interfaces will be available via web browser from any other computing devices such as PCs 
and mobile phones. These will monitor various parts of the running system and provide user inputs. 
 

Software Components 
 

The system will consist of a number of software components of various types. 

 

Operating systems 
The processing units will run a mix of operating systems. The robot units will run Ubuntu Linux and the 

processing stations will run Windows and Fedora Linux. 

 

ROS 
The Robot Operating System (ROS) will be installed on each of the robot processing units. It will not be 

required for the processing stations. 

 

Psyclone nodes 
One Psyclone node will be installed on every computing unit in the system. This is required for all of the 

following components. 

 

ROS interface 
The ROS interface modules are Psyclone modules running on the robots to communicate with the robots. 

This will read all status and sensor information from the robots and will send commands to the robots. 

 

Navigation 
The navigation Psyclone modules will plan and execute navigation for each robot, based on the local and 

global maps. 

 



             
 

Turn-taking 
The turn-taking Psyclone modules will receive audio streams from the robot sensors and determine turn-

taking events which are posted to the dialogue system. 

 

Speech 
Speech input processing and speech output planning and execution will be done by a distributed network of 

Psyclone modules working together using the turn-taking event information. 

 

Vision 
The processing of visual and depth images from the robot sensors will be done by Psyclone modules running 

both on and off the robots. 

 

Face recognition 
Face recognition in visual images from the robots will be the main way of detecting and tracking humans in 

the scene, done by a network of Psyclone modules running on and off the robots. 

 

Skeleton tracking 
Skeleton tracking may be available from the depth sensors and if so can be used to augment the detection 

and tracking of humans in the scene. This will be done by a network of Psyclone modules running on and off 

the robots. 

 

Displays and interfaces 
Both the on-board robot display interface and a number of web interfaces will be driven by a network of 

Psyclone modules running on and off the robots. 

 

Component diagram 
 

 
 



             
 

Programming languages 
 
The main programming languages used in this project are as follows. 
 

C++ 
Most of the Psyclone modules will be written in C++ for efficiency and speed. 

 

Python 
Most of the ROS interface modules will be written in Python 2.7 as this is the easiest and most efficient way 

of interacting with ROS modules. Parts of the turn-taking system will be written in Python as well. 

 

HTML & JQuery/Javascript 
All of the visual user interfaces will be created using interactive web pages written in HTML and Javascript 
with the JQuery library. Some graphing may be done using other Javascript libraries too. 
 

Code Structure 
 

Dir Module Technology Robot Scene Server 

Core 

  Shared code and objects used by all modules ✓ ✓ ✓ 

ThirdParty 

  RTAudio – Input/output hardware sound card interface ✓ ✓  

  LibVLC – reading and writing audio and video media files ✓ ✓  

  Sphinxbase – used for speech input processing ✓ ✓  

  PocketSphinx – used for speech input processing ✓ ✓  

ActionPlanner 

 ActionPlanner  ✓  ✓ 

DialogPlanner 

 TurnTakingPlanner  ✓   

 DialogPlanner     

FaceTracker 

 FaceTracker NT, Ayonix, Fa6 ✓   

 FaceIdentifier    ✓ 

MPTT 

 MPTT  ✓   

SceneTracker 

 ObjectTracker  ✓ ✓  

 ObjectIdentifier  ✓ ✓  

 ObjectLocaliser    ✓ 

Perception 

 AudioInput RTAudio ✓ ✓  

 CameraInput libVLC? ✓ ✓  

 DepthMapInput  ✓ ✓  



             
 

 SonarInput  ✓   

RobotTracker 

 RobotTracker NT, Ayonix, Fa6 ✓   

ROSInterface 

 ROSSensor  ✓   

 ROSNavigation  ✓   

 ROSHead  ✓   

 ROSFace  ✓   

SpeechAnalyser 

 SpeechRecog  ✓   

SpeechOutput 

 SpeechOutput  ✓   

VoiceInput 

 PitchTracker  ✓   

 PitchAnalyser     

 
 


