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Autonomy in mobile robots and other embodied systems means the performance of an intended task or mission 

in an environment without human intervention. However, many autonomous robots are generally required to 

operate in their environments for extended periods, often exceeding the duration of their intended missions.  

This can result in periods when robots must perform tasks to ensure their continued availability and safety 

between the end of one mission and the start of the next. Additionally, the open and unstructured nature of many 

environments will mean that robots will be required to perform tasks that do not fall within their direct mission 

specification, but are required to manage unplanned interactions with other environmental features.  

We argue that current system engineering and safety assessment methods are insufficient for the problem of 

designing this class of autonomous robots, as they do not reliably identify the non-mission aspects of extended 

operation. In particular, this applies to the problem of hazard identification.  

At Bristol Robotics Laboratory (BRL), we have conducted several hazard identification studies for two 

different robot applications, a Robot Waiter and a Search and Rescue robot. Initially, we attempted to perform 

the hazard identification using conventional system safety techniques. We developed a high level specification 

of a Robot Waiter using Hierarchical Task Analysis (HTA) [1] and analysed the robot functional design using a 

variant of the SHARD hazard analysis technique [2]. This attempt highlighted the shortcomings of current 

methodology and suggested areas in which it could be improved.  

Hazard analysis is a mixture of procedural and heuristic processes, in which analysts identify potential 

hazards caused during a system’s operation in its environment.  Keyword techniques, such as SHARD, guide the 

analysts in the construction of relevant scenarios.  The problem with current methods is that processes tend to 

focus exclusively on the mission of the system. In our studies on the Robot Waiter scenario, we found that the 

heuristic guidelines of the methodology tended to encourage analysts to overlook non-mission aspects.  

We believe that the analysis must include an environmental survey as the first stage of the Preliminary 

Hazard Analysis (PHA) process. The environmental survey is a process of identifying the features, objects, 

obstacles and agents that may be found in a robot’s environment, irrespective of whether they are part of the 

robot mission. Once all reasonably foreseeable features have been identified, their interactions with the robot 

can be specified. After this, hazard analysis can proceed using existing techniques.  

Some initial sessions using the environmental survey approach were conducted at a recent workshop of the 

INTRO project. The lessons learned from this initial experiment will be used to refine the technique, and this 

process is ongoing.  
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