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Abstract. The work described in this paper is directed towards applying task oriented methodologies to the creation 

of new types of powered wheelchairs.  The new work has required the creation of a new type of task machine.  In 

addition, new techniques to analyse situations and implement the results within a new user interface have been 

investigated.  This paper describes task machinery in general and the stages required to create a task machine. 
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1 Introduction 

The concept of a task machine was first described by Strickland [1] and then extended to apply it to design using 

advanced production machinery such as 6 degree of freedom robots [2].  Task machines are machines built or 

constrained specifically for a task and that are not product dependent.  A task machine would therefore be defined in 

terms of a task rather than functional abilities; for example, "an expert machine whose only function is to spray paint 

panels", rather than "a 6 degree of freedom robot".  The task-oriented approach suggests that rather than pursuing 

single robot structures which can ‘do everything', a task robot should be tailored to the production task and designed 

to the permanent aspects of that task. 

Three directives which outlined the task-oriented approach were [2]: 
 

 Directive 1:  Design industrial robots for the permanent aspects of the surrounding production environment, and 

the task at hand. 

 Directive 2:  The robot controller should be expandable to the requirements of the customer, from a set of generic 

modules and the robot itself should be constructed from modular robotic elements. 

 Directive 3:  Robots should be task, not functionally, programmed using _native' production languages or 

graphical interfaces. 

 

Figure 1 shows the development process for a task-machine.  The definitions, requirements and specifications of 

the task are the starting point for the machine.  The specifications should encompass all the variations that would ever 

occur within the task being performed, i.e. they should not be product dependent.  These are then used in the design 

of both the software [3] and the hardware for the task machine.  The hardware would either be purpose built or 

constructed from modular elements. 

 

Fig. 1. The Creation of a Task Machine. 

Advanced wheelchairs [4-10] can be viewed in a similar way to advanced production machinery, in that they are a 

fusion of actuators sensors and control systems [11-15]. 

Wheelchair systems are constructed from modular elements which may include motors, sensors, and user input 

[16-22]. The needs of each user differ, and therefore may require different user interface devices [23-31]. Langer 

discussed a range of sensors that can be added to wheelchairs for detection of walls and objects [32]. 

Within this research, the task machines used either switch controls, or proportional input joystick controls [10].  

The types of sensors available were a scanning collision avoidance device (SCAD) [32] using ultrasonics [9,11,12], 

mechanical bumpers and infrared proximity detectors [21].  Figure 2 shows the prototype wheelchair base fitted with 

the SCAD detection system [32], with two types of input device (joystick and switches[10]).  
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Fig. 2. Prototype Task Machine with SCAD sensor. 

New techniques to analyse user requirements and implement the results within a new user interface have been 

investigated.   

The review of literature by Tewkesbury [2] covered several subject areas, including analysis techniques, hierarchies 

for programming, programming languages and design.  It also describes the creation of virtual task-machines and task-

machines.  The review of programming methods for machines suggests that most systems have been designed to be 

programmed by experienced programmers.  That makes the creation of systems tailored to individual user 

requirements expensive and difficult.  Many authors have proposed methodologies that may lead to the creation of 

systems which can be reprogrammed by users with little or no programming experience.  These methodologies divide 

programming concepts into levels of sophistication, or methods of control. 

The approach used for the work described in this paper has been to focus the programming of a system with respect 

to the users understanding.  

To avoid any inconsistency between the end users and the system experts, it is necessary to define the roles of the 

programmer and the end user.  The user will know exactly which tasks needs to be performed, but have no knowledge 

of programming.  The terminology and concepts a user would be familiar with would differ from those a programmer 

would be familiar with, and may differ from one task to another.  it is worth noting that there may be multiple end 

users, for instance a clinician may be regarded as the end user rather than the wheelchair operator in some cases, as 

the clinician may have specific goals that they want to achieve with the wheelchair operator.  For example, providing 

the freedom/opportunity for a user to crash the wheelchair into walls whilst providing a safe velocity and environment 

to achieve this.  

The approach presented in this paper builds on the principal that a user should only program using familiar concepts 

and terminology, and that lower level programming would be performed by an experienced programmer.  The 

recognition that users should not program a machine is a first step towards creating task machines. 

2 Task Machinery 

Various authors describe the concept of a `task' in multiple ways.  In this paper a `task' is specified as a single specific 

operation, such as navigating from one location to another.  Subtasks may include for example, object avoidance 

[33,34], doorway navigation [5], speed control and terrain navigation [35,36]. 

A task machine has been defined as a machine that is knowledgeable in the area of one task [2]. 

Tewkesbury detailed some of the work in programming task machinery [2].  There are currently three types of task 

machine: a true task-machine, a surrogate task-machine, and a virtual task-machine.  The end result is always a 

machine that is constrained to a task.  These three types of machine can be classified as follows: 

A true task-machine is a machine which has been developed specifically for a task.  The requirements of the task 

are used to define the mechanical structure of a machine.  For example, if a task were being automated that only 

requires motion in an X-Y plane, then a two-degree of freedom structure would be created.  Strickland discussed this 

type of task machine [1]. A surrogate task-machine is a commercially available machine that has been selected 

specifically for a task.  The physical structure of a task machine can be selected from the general-purpose machinery 

available, but may not be entirely suited to the task.  To create a surrogate task machine the controller is replaced by 

a distributed controller, which constrains the machine for a specific task. A virtual task-machine is a general-purpose 

machine, which has been constrained in software for a task.   The structure of the machinery may not be entirely suited 

to the task and some of the functions available within the controller may be redundant, however, this type of task 

machine allows existing production machinery to be utilised within the task approach.  This new type of task machine 

is described in full in [2]. 



The new work described in this paper includes the creation of two virtual task-machines.  These machines were 

based on two general purpose powered wheelchairs, where the generic controllers are dynamically constrained for 

thee specific task. 

3 The Design Stage 

This section is concerned with creating a hardware and software platform where an experienced programmer can 

program task machinery.  

A programmer would use the platform created to generate a user interface to extract task information from an expert 

in the task being automated.  The four levels in the machine design stage, which will provide the platform for creating 

a task machine, are: 

 Joint / MicroComputer Level.  This is the lowest level within the hierarchy.  The emphasis at this level is on driving the 

machinery motors to specified positions or velocities and conveying sensor information to higher levels in the system. 

 Point-to-Point Level.  This is the level of programming that would be achieved using a joystick or similar device.  The 

control at this level might include directional linear and velocity-controlled motion.  Within the philosophy adopted here, 

if aspects of point-to-point control are not required by the task machine then only the required form of motion should be 

available, for example, circular or continuous path.  This terminology is designed to specify the level of control, not the 

specific application. 

 Primitive Motion Level.  This linguistic level is a form of point-to-point programming but using textual data entry.  The 

sensor information for the application should be available at this level.  This level is a _stepping stone' to providing the 

versatility of the next level. 

 Structured Programming Level.  The structured programming level should have the functionality to enable an 

experienced programmer to program the machinery.  The programming environment should provide high level 

structured programming, data handling, and the ability to quickly generate user interfaces.  The requirements for this 

type of programming environment are summarized in [3]. 

4 The Installation Stage 

This stage is used by both an experienced programmer and someone who is an expert at the task.  The programmer 

develops a user interface to allow the application expert to perform the task.  The programmer can then develop rules 

to perform some of the actions the application expert is performing.  The rules that are generated would include 

providing advice on prospective actions.  The rules are then presented back to the application expert, through the user 

interface, to check their validity.  As the rules are defined they can be collected together as sub-tasks and displayed 

for use in the user interface.  Eventually, as higher and higher sub-tasks are defined the programming environment 

can collapse into just one single task.  The programmer needs to be focused on extracting the information from the 

application expert, and the application expert has to be focused on the task that is being performed so that the task 

rules can be defined and verified.  Within this stage there is only one level: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 3 Changing the direction of the wheelchair to avoid an obstacle[32] 

 

The programming environment created by the programmer and used by the application expert should not detract from 

the task, but instead should focus the application expert onto the task.  

The Sub-Task Level.  Sub-tasks are operations that will be used within the final task, for example; changing the 

direction of the wheelchair to avoid an obstacle (Fig 3), reprogramming the wheelchair controller parameters during 

operation, could be classed as sub-tasks for an overall operation.  This level is concerned with using a structured 

programming environment to capture and verify rules from an application expert, and then to implement the rules in 

the form of sub-tasks. These sub-tasks would eventually disappear as the rules determining the use of the sub-tasks 

developed.  The sub-tasks need to be verified with an application expert as they are developed, to check their validity. 



5 The Execution Stage 

This stage is the highest in the system.  After the task rules have been verified, the sub-task level collapses and becomes 

the task level.  The task level forms the only level in the execution section for powered wheelchairs. All the 

programming of the machinery is performed directly from the information supplied by the user. 

Task Level.  The task machinery at this level is able to automatically perform specific tasks and also able to give 

advice on proposed actions.  The level would interface to a multi-task level where it would receive coordination 

information for integration with other machines in a real world environment.  An interface would also be provided to 

enable the machine to advise on the validity of proposed actions.  An optional user interface would also be available 

for monitoring performance and for direct task level programming. 

6 Discussion 

It has been suggested in the previous section that the programming environment for the creation of a task machine 

should be designed for an experienced programmer.  Any programming environment used for this purpose should 

therefore assist the programmer by providing the tools and facilities necessary for the task.  The main functions the 

programmer would be required to perform are: 

 

 To control the powered wheelchair. 

 React to sensory information (including wheelchair user inputs) 

 Communications with other devices in the system. 

 Development of a user interface to capture and verify the task rules. 

 

A programming environment that is suited to the task is of greater assistance to the programmer than one that is 

not.  This also applies to the physical structure of the machinery.  The complexities of the system will be reflected in 

the programming environment and any over complication will detract the programmer from the task.  Similarly, if the 

programming environment is under-equipped for the task then this will also detract. 

The structured programming environment used to create two virtual task machines is described there along with a 

graphical resource that was used in the structured programming environment to generate user interfaces. 

The use of new user interfaces such as virtual reality systems [7] provide a rich platform and it is important to 

assess the user interfaces, to discover whether these will focus a user onto a task or detract from the task. 

Some guidelines for programming languages are clarity, simplicity and unity of language concept.  A programming 

language should be an aid to the programmer.  It should provide them with a clear, simple, and unified set of concepts 

that can be used as primitives in developing algorithms.  To this end it is desirable to have a minimum number of 

concepts, with the rules for their combination being as simple and as regular as possible.  It is this semantic clarity, 

and clarity of concept, that are most significant in determining the value of a language. 

Clarity of program syntax affects the ease with which a program may be written, tested, and later understood and 

modified.  This readability is another important aspect in determining the value of a language. 

The language should provide appropriate data structures, operations, control structures, and a natural syntax for the 

problem to be solved.  This extends to the particular task being programmed, and the language should be equipped for 

the task to be performed.  A language particularly suited to a certain class of application will greatly simplify 

programming. 

Abstraction is the ability to get away from the direct commands of the language and to `tailor' the language for the 

specific task.  A language may be abstracted to a slightly higher task specific level through the versatility of data 

structures and the use of functions and procedures. 

The reliability of programs written in a language is essential which is particularly true for wheelchair programs.  

There are many techniques for verifying that a program correctly performs a task.  These range from graphical 

methods, to running the code and checking the result and structured testing.   

The portability of programs is a useful aid for applications that involve similar tasks.  The ability for both the 

programs written and the languages themselves to be transferred from one type of machine to another may have huge 

benefits. 

The approach presented in this paper has built on the fundamental principle that a user should only program using 

familiar concepts and terminology.  Lower level programming should be performed by an experienced programmer, 

whose focus should be on extracting expert knowledge from the user and reflecting that knowledge back through the 

user interface for verification. 

Future work will investigate wheelchair veer [10,37], web interfaces [38,39], assessment using multi-media [40] 

Perception [41] and automation [42]. 
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