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Navigation Control Architecture of the Reactive Layer for Autonomous Mobile
Robots
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Abstract

In a hybrid three-layer control architecture(deliberative, sequencing, and reflexive), the lowest reflexive
layer consists of resources, actions, an action coordinator, and motion controllers. Because the execution of
individual components in the reflexive layer should be done in real-time, each component has to be simple
and, due to this reason, the Linux-RTAI(Real-Time Application Interface for Linux) has been used as an
operating system. In this paper, a navigation control architecture, which combines the components in the
reflexive layer and the navigation-related modules in the sequencing layer, is proposed. And then, as basic
components, four actions(Goto, Avoid, Move, and EmergencyStop) are designed. Experimental results confirm
the effectiveness of the proposed architecture and the performance of individual associated actions.
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Fig. 11 Comparison of two EmergencyStops : hard and soft

Table 1 Comparison of control architectures

Saphira” TeamBot® BERRA"? The proposed Architecture
(0]
Linux Yes Yes Yes Yes
MS Windows Yes Yes No No
Real-time OS No No No Yes (RTAI 3.1)
Main prog. Language C Java C++ C/C++
Software Tools Req. @ gee Java 1.2 gee 2.95 gec 3.2
Graphics
GUI Yes Yes (simulation) Yes Yes
Graphics Prog.® Yes (limited) Yes No Yes
HRI
Text Yes Yes Yes Yes (other layer)
Speech No No Yes Yes (other layer)
GUI Yes No Yes Yes (other layer)
Palm No No Yes Yes (other layer)
Multi Agent Support No Yes No Yes
Multi Host No No Yes Yes
Multi Process Threads Thread Multi-process Multi-process/
Thread
Data Flow Paradigm
Push Yes No Yes Yes
Pull Yes Yes Yes Yes
Platform Portability
Hardware Abstraction Good Very good Very good Very good
Sensor Extension Cap.® No Good Very good Very good
Sensor Support
Sonar Yes Yes Yes Yes
LRF Yes No Yes Yes
IR No No Yes Yes
Camera Yes Yes Yes Yes (other layer)
Bumper Yes Yes Yes Yes
Microphone No No No Yes (other layer)
Gyro No No No Yes
Touchscreen No No No Yes
Behavior Coordinator Fuzzy logic Various VFHY/VFF®
(Action) Various
Timing Aspect
Real-time Support No No No Yes
Sensor Actuator Latency 0.6 sec 0.4 sec 0.17 sec 0.02/0.2 sec
Bandwidth
Sensor to Behavior 4 KB/s OS limitation OS limitation
(Action) OS limitation
Code Size
Complete System I1MB 45MB 36 MB 5.82 MB

@ Prog.: Program, ® Req.: Requirements, @ Cap.: Capability, ® VFH: Vector Field Histogram,

& VFF: Vector Field Force.
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Fig. 13 Constant-angular-velocity moves with v = 30 cm/sec
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