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Abstract. A simple expert system is described that helps wheelchair users to drive their wheelchairs.  The expert system takes data 

in from sensors and a joystick, identifies obstacles and then recommends a safe route.  Wheelchair users were timed while driving 

around a variety of routes and using a joystick controlling their wheelchair via the simple expert system.  Ultrasonic sensors are 

used to detect the obstacles.  The simple expert system performed better than other recently published systems.  In more difficult 

situations, wheelchair drivers did better when there was help from a sensor system.  Wheelchair users completed routes with the 

sensors and expert system and results are compared with the same users driving without any assistance.  The new systems show a 

significant improvement. 
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1 Introduction 

An expert system [1-8] is presented that improves the performance of a wheelchair fitted with ultrasonic sensors.  The 

speed to complete progressively more complicated routes was recorded and results compared with recently published 

systems [9-13].  A significant improvement is demonstrated. 

The simple expert systems described here allow a wheelchair user to drive their wheelchair faster when using them.  

Systems identify obstacles and suggest safe routes [14-21]. 

The human wheelchair user is often still a useful and reliable supply of information but that can be weakened by 

disabilities such as reduced vision.  The expert systems overcome that limitation and improve the control of a 

wheelchair.  The systems decode joystick data [17,22] and sensor data [23-25] and mix them [26,27]. 

2 Ultrasonic sensors 

Ultrasonics were used because they are tough and uncomplicated [4,5,28,29]. 

Sanders et al presented the most recent ultra-sonic sensor system for a wheelchair [10-13].  The work described here 

uses the same chair (fig. 1) and the same sensors so that results can be easily and directly compared. 

 

 

 
Fig. 1. Bobcat II Wheelchair 

 



Three different operating modes could be selected: 

 

- Joystick data sent directly to the controllers.  

- Sensors activated and a computer modifies the direction of the wheelchair using recently published approaches. 

- Sensors switched on and the computer modifies the direction of the wheelchair using the new expert system described 

here. 

 

The following rules were applied: 

- The wheelchair user stayed in overall control. 

- Expert systems only change the direction when it is necessary. 

- Turns to be controlled and smooth. 

The ultrasonics could be noisy and there could be some misreads.  Reliability was improved by filtering out misreads 

using Histogramic In-Motion Mapping.  The volume ahead the sensors was split into grids of: adjacent, intermediate 

and furthest (fig. 2). 

When an object was detected then it was classified as being adjacent, intermediate and furthest.  More than one 

sensor was mounted in such a way that their beams overlapped ahead of the chair.  An array of two sensors is 

represented in fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The envelope for the ultrasonic 

transducers. 

If an object was detected, then the array element or elements that represented the volume of the object is increased 

by a comparatively large amount (e.g: 5).  The other cells in the array would be reduced by a smaller number (e.g: 2).  

Each array had a max amount of fifteen and a min amount of 0.  Figure 4 represents a simple 3-element histogrammic 

depiction of the situation ahead of the wheelchair.  The object in the 3rd cell caused that cell to increase quickly to max 

value.  Misreads in any other element might temporarily increase that element, but false reads then reduce.  If the 

object moved into another element, then the new element would quickly increase to max value and the previous 

element would then reduce. 

3 Algorithms to interpret the joystick. 

Joystick position was read by an ADC as Cartesian co-ordinates. They were transformed into polar co-

ordinatesJ.  Where Jrepresented how far a joystick had been moved, and  represented the angle. 

Angular position was quantified to estimate the desired course.  An algorithm measured how long a joystick 

position was maintained to show a particular direction so that the systems promptly identified the desire of the 

wheelchair users. 
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Fig. 3. Representation for a two-sensor array. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. A representation 

of the sensor histograms. 
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Angle and Magnitude were employed to evaluate the segment occupied by the joystick.  Confidence was 

represented within a grid and each joystick cell in the grid held two figures: 

 

• “Angle Confidence” (zero to fifteen). 

•  “Magnitude”. 

 

If a joystick was kept still, the grid segment representing that place increased in value.  Other segments then 

reduced.  An array segment with the biggest value was the most confident position for the joystick.  Any random 

joystick movements might increment a segment briefly, but those false reads quickly reduce.  Joystick position was 

represented as a histogram where the biggest histogram segment represented the most likely direction indicated for 

the user. 

Histogram elements decayed quickly but built up more slowly.  Delay and ramping weighting factors were found 

experimentally.  

4 The simple expert system. 

Some AI was introduced [30-47].  A modular structure was used to simplify writing and redcue code duplication 

[48,49].  The final structure was similar to a Blackboard type framework [1,7]. 

Experts provided expert knowledge [50-52]; in this case human wheelchair drivers.  The system needed to operate 

in real-time.  The user would indicate a direction and speed and the expert system gathered data concerning the 

environment.  A high-level module called SensExpert analysed the sensor data and recommended a direction to avoid 

colliding with any obstacle.  JoystickMon interpreted what the user needed to do.  JoystickMon examined variables 

such as joystick consistency and position to understand the desired direction.  JoystickMon could conflict with 

SensExpert.  In that event, an expert called FuzzMix was responsible for the final controller outputs to the motors.  

The top level expert systems consisted of:  FuzzMix, JoystickMon, SensExpert and Door.  Door was the obstacle 

avoidance expert [54, 55] that could avoid obstacles using a “distance function”.  Door could adjust the direction 

generated by FuzzMix.  The distance to an obstacle was measured by the ultrasonic transducers and the historical 

input from the joystick determined how the wheelchair should react.  Door could turn the wheelchair away from the 

nearest obstacle, slow the chair smoothly as moved close to an obstacle and centralise the chair between obstacles, 

such as adoor frame. 

FuzzMix coordinated the joystick and the sensors and allocated control to the sensors or the joystick.  The 

instantaneous relationships at any time might be:  all joystick but no sensors, all sensors but no joystick or something 

in between.   

Distance functions were used to create values for right and left voltages. 

 

A joystick plot was separated into sectors that can be used to identify joystick position.  Sectors were: Forward, Turn 

left, Turn right, Spin left, Spin right, Back and Stop. 

Factors that increased confidence in joystick position were: 

 

Sensors agree with joystick, 

Joystick staying in the same position, 

Joystick position increased (working against the sensors). 

 

Factors that decreased confidence in joystick position were: 

 

Conflict between the sensors and the joystick, 

Unsteady joystick position. 

 

SensExpert decided whether to: Do Nothing, Stop, Turn right, Turn left, Slow, Spin left or Spin right. 

Expert systems were downloaded to hardware on the powered wheelchair and then tested by driving the wheelchair. 

If SensExpert and the joystick both indicated “forward” ten the system drove straight-ahead.  Sensors still 

determined distances to obstacles and speed reduced if the chair came closer to an obstacle. 

If necessary, SpinLeft and SpinRight commanded the wheelchair controller to turn.  Observing experienced human 

drivers using a joystick with their wheelchairs, it was observed that they often moved their joystick using extravagant 

movements even when they were only performing a gentle manoeuvre. 



5 Testing. 

Systems were tested in corridors to check that SensExpert recommended safe changes in direction for the wheelchair. 

Tests then moved into laboratory and afterwards out into real environments.  The wheelchair users rapidly learnt how 

to drive their wheelchair with the sensors and switches and to estimate stopping distances. 

Tests compared speed with computer assistance with basic control without ay assistance in a set of specified and 

controlled environments.  The system was observed when the wheelchair was controlled only by the human user and 

when being controlled jointly by the computer and the human user.  Time taken was recorded for human wheelchair 

users by themselves without any help, and then again with assistance from the most recently published systems, and 

then again with the new systems. 

Up to two groups of three tests (six tests) took place for each route.  Two groups of tests took place without any 

automatic assistance or sensors.  Then the tests were done again with assistance provided by the computer system and 

the original sensor systems engaged and finally tests were done for a third time using the new simple expert systems 

described here.  The two groups of tests were: 

 

- Driver just using the joystick. 

- Driver wearing beer goggles. 

 

A series of obstacles were set up in a different environment for each test.  They were: 

 

LAB – Open flat floor space with vertical walls and 2 x obstacles in a laboratory. 

 

SIMPLE CORRIDORS – Open flat floors and some sloping floors.  Vertical walls and some wide doorways.  3 x 

obstacles in a zigzag arrangement. 

 

COMPLEX CORRIDORS - Open flat floors and some sloping floors.  Vertical walls and some doorways.  Some 

protruding radiators and door surrounds and some doorways.  Several obstacles in zigzag arrangements. 

 

OUTSIDE – More complicated location and surroundings with people walking around. Various flat and sloping floors 

and some sloping and vertical edges. Natural obstacles and extra objects placed there for testing. 

 

Human drivers were variable, so tests were repeated so that users could learn about the systems and do their best.  

Testing was popular and fun, and volunteers tried to beat their best time and beat others.  Tests started at constant pre-

determined standing starts and time was measured with both a laboratory digital clock and a stopwatch and an average 

was taken between the two. 

The scene from a camera mounted on the front of the wheelchair is shown in Fig. 5 in a complex corridor.  A 

researcher followed the wheelchair with a stop watch and another researcher can be seen holding a laboratory clock 

at the end of the route. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Fig. 5. Wheelchair moving though a complex corridor viewed from a camera on the chair. 



6 Results. 

The wheelchairs safely moved around obstacles in a variety of set routes.  The assistive systems automatically steered 

away from obstacles and avoided collisions. 

Results in fig. 7 and fig. 8 show the new expert systems consistently performing faster than the most recently 

published systems or the human wheelchair users driving themselves.  An exception was that on straightforward and 

uncomplicated routes, with wide gaps and only a few obstacles, then the human wheelchair users completed the routes 

more quickly when they did not have any assistance.  This is shown in fig. 6 and fig. 7 in the bar charts to the left 

compared to those on the right. 

Results was repeated whether a user was wearing beer goggles (fig. 7) or not (fig. 6).  Human wheelchair users could 

drive their wheelchair quickly through wide gaps, perceive the situation and make adjustments, without any reduction 

in speed and without any need for help from sensors or the intelligent systems. 

 

 

 

 
 

Fig. 6. Results from tests when the driver was not hindered. 

 

 

 

As routes became more complicated or gaps were reduced then the human wheelchair users found it more challenging 

to estimate gap widths or to calculate a successful path for the wheelchair to safely pass through the gaps.  Users had 

to slow the wheelchair or stop the wheelchair and then reverse to avoid collisions.  As routes became more 

complicated, the humans performed better when they had some help from the computer systems and sensors.  Users 

with assistance performed consistently better (faster) than previously published systems.  Sensors were most useful 

on slopes, changing surfaces and when there were obstructions. 

 



 
 

Fig. 7. Results from tests when the driver was wearing beer goggles. 

 

When the human wheelchair users were wearing beer goggles then the results became even more pronounced.  

Humans performed best when they could see well.  When vision was restricted then results were slower without 

assistance (as shown in fig. 7).  When the users were assisted then the results improved but were still not as good 

because the wheelchair users had a tendency to be more careful. 

Figures 8 to 16 compare results from unhindered drivers to drivers wearing beer goggles.  Figure 8 shows a lab test. 

 
Fig. 8. Laboratory testing 

 

 Results from testing within an empty corridor are shown in Fig. 9.  Wheelchair users completed the route more 

quickly without any help however when the new expert system was used (the right hand bar) then it functioned more 

effectively than the basic system published previously (middle bar).  The form of results is repeated in fig, 10.  

Results in fig. 11 change a little.  If the systems help the users, then they consistently perform faster.  The new 

systems are significantly faster. 
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Fig. 9. Testing in empty 

corridor 1.  

 

 

 

 

 

 

 

 

Fig. 20. Testing in empty corridor 2. 

 

 

 

 

 

 

 

 

 

Fig. 31. Testing in complicated corridor 1. 

 

 

 

 

 

 

 

 

That result is repeated in fig.12, There not 

enough results for statistical comparison when users were wearing beer goggles.  Figure 12 shows results from a more 

complex route. 
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Fig. 42. Testing in 

complicated corridor 2. 
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form of the results is repeated for more complex routes shown in fig. 13 and fig. 14.  Differences are more 

pronounced for more complicated routes 

 

 

 

 

 

 

 

 

 

Fig. 53. Testing in 

complicated corridor 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 64. Testing in 

complicated corridor 4 
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The form of the results is repeated for complicated outdoor routes as shown in fig. 15 and fig. 16. 

 

 

 

 

 

 

 

 

 

Fig. 75. Testing on outside route 
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Fig. 86. Testing on outside route 
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7 Discussion and conclusions 

Samples were compared using a t-test.  The mean  was calculated for each sample with S2, variation or dispersion 

and S, standard deviation.  These were used to calculate variance  and , the mean for the population.  Caution was 

needed before the results could be generalised because the discrete sets of tests were not significant. 

Results were arranged into pairs: with sensors helping and without sensors.  Paired samples tests were used because 

people (the wheelchair users) are characteristically erratic.  The pairing of the data removed a lot of that variation.  

Results were analysed and the paired-samples statistical test showed that wheelchair use without the sensors and 

computer system was significantly different to wheelchair users using the sensors and computer systems at p < 0.05 

(95% probability). 

On simple routes, users drove faster without sensors assisting them but as routes became more complex, wheelchair 

users drove faster and more safely with help.  Human wheelchair users could not judge gap widths as accurately as 

the sensors and occasionally they found it challenging to direct their chair through gaps.  Users often slowed their 

chair or stopped and reversed to avoid collision.  The automatic systems never had to do that.  On more complicated 

routes, users constantly did better with help from the systems.  As gaps became narrower, the assistive systems 

consistently helped the users to perform faster. 

Effects were more pronounced on more complicated routes when humans had their senses impaired by wearing 

beer goggles.  If other people walked near to the wheelchairs and the sensors were not being used, then the human 

users tended to stop (and occasionally they aborted the test).  When helped, then they had a tendency to keep driving 

as they would know that the wheelchair tended to move around people. 

Future work will investigate virtual reality [56], time delays [57], wheelchair veer [58], web interfaces [59,60] force 

sensing [61], assessment using multi-media [62] Perception [63] and automation [64]. 

17

19

21

23

25

27

Clear vision Wearing beer goggles

Testing OUTSIDE (3)

User only

Basic system

Improved system

15

16

17

18

19

20

21

22

23

24

25

Clear vision

Testing in a complicated corridor (4)

User only

Basic system



References 

1. Sanders, DA., Hudson, AD.: A specific blackboard expert system to simulate and automate the design of high recirculation airlift 

reactors.  Mathematic sand computers in simulation 53 (1-2), 41-65 (2000). 

2. Sanders, DA., Bausch, N.: Improving Steering of a Powered Wheelchair Using an Expert System to Interpret Hand Tremor. Proc 

of Intelligent Wheelchairics and Applications (Icira 2015), Pt Ii, vol. 9245, pp. 460-471 (2015).  

3. Hudson, AD., Sanders, DA., Golding, H., Tewkesbury, GE., Cawte, H.: Aspects of an expert design system for the wastewater 

treatment industry.  Journal of Systems Architecture 43 (1-5), 59-65 (1997). 

4. Sanders, D., Tewkesbury, GE., Stott, IJ., Robinson, DC.: Simple expert systems to improve an ultrasonic sensor-system for a tele-

operated mobile-robot.  Sensor Review Volume: 31 Issue: 3 246-260 (2011). 

5. Sanders, DA., Graham-Jones, J., Gegov, A.: Improving ability of tele-operators to complete progressively more difficult mobile 

robot paths using simple expert systems and ultrasonic sensors.  Industrial Robot-an International Journal 37 (5), 431-440. (2010). 

6. Sanders, DA., Gegov, A., Ndzi, D.: Knowledge-based expert system using a set of rules to assist a tele-operated mobile robot, in 

Studies in Computational Intelligence, (eds) Y. Bi, S. Kapoor, and R. Bhatia, 751, Springer, 371-392 (2018).  

7. Sanders, DA., Hudson, AD., Tewkesbury GE.: Automating the design of high-recirculation airlift reactors using a blackboard 

framework.  Expert systems with applications 18 (3), 231-245 (2000). 

8. Sanders, D., Tan, YC., Rogers, I., Tewkesbury, GE.: An expert system for automatic design-for-assembly.  Assembly Automation 

29 (4), 378-388 (2009). 

9. Sanders, DA.: Using self-reliance factors to decide how to share control between human powered wheelchair drivers and ultrasonic 

sensors, IEEE Transactions on Neural Systems and Rehabilitation Engineering, vol. 25, no. 8, pp. 1221-1229 (2017). 

10. Sanders, DA.: Non-Model-Based Control of a Wheeled Vehicle Pulling Two Trailers to Provide Early Powered Mobility and 

Driving Experiences.  IEEE Transactions on Neural Systems and Rehabilitation Engineering 26 (1), 96-104 (2018). 

11. Sanders, D., Gegov, A.: Using artificial intelligence to share control of a powered-wheelchair between a wheelchair user and an 

intelligent sensor system, EPSRC Project 2019 – 2022 (2018). 

12. Sanders, DA., Ndzi,, D., Chester, S., Malik, M.: Adjustment of Tele-Operator Learning When Provided with Different Levels of 

Sensor Support While Driving Mobile Robots.  Proceedings SAI Intelligent Systems Conference 2016, Vol 2 -16, 548-558 (2018). 

13. Sanders, DA., Sanders, HM., Gegov, A., Ndzi, D.: Rule-based system to assist a tele-operator with driving a mobile robot.  Lecture 

Notes in Networks and Systems, 16, Springer, pp. 599-615 (2018). 

14. Stott, I., Sanders, D.: A new prototype intelligent mobility system to assist powered wheelchair users.  Industrial Robot 26 (6), 466-

475 (1999). 

15. Goodwin, MJ., Sanders DA., Poland GA.: Navigational assistance for disabled wheelchair-users.  Euromicro Conference 95 

Volume: 43 73-79 (1997). 

16. Stott, I., Sanders, D.: New powered wheelchair systems for the rehabilitation of some severely disabled users.  Int’ Journal of 

Rehabilitation Research 23 (3), 149-153 (2000). 

17. Sanders, D., Langner, M., Tewkesbury, GE.: Improving wheelchair-driving using a sensor system to control wheelchair-veer and 

variable-switches as an alternative to digital-switches or joysticks.  Industrial Robot 37 (2), 157-167 (2010). 

18. Sanders, D.: Comparing ability to complete simple tele-operated rescue or maintenance mobile-robot tasks with and without a 

sensor system. Sensor Review 30(1), 40-50 (2010). 

19. Sanders, DA., Langner, M., Gegov, A., Ndzi, D., Sanders HM., Tewkesbury GE.: Tele-operator performance and their perception 

of system time lags when completing mobile robot tasks, Proc 9th Int Conf on Human Systems Interaction, pp. 236-242 (2016). 

20. Sanders, D.: Comparing speed to complete progressively more difficult mobile robot paths between human tele-operators and 

humans with sensor-systems to assist.  Assembly Automation 29 (3), 230-248 (2009). 

21. Sanders, DA., Stott, I., Robinson, DC., Ndzi D.: Analysis of successes and failures with a tele-operated mobile robot in various 

modes of operation.  Robotica 30, 973-988 (2012). 

22. Sanders, DA., Baldwin, A.: X-by-wire technology. Total Vehicle Technology Conference, 3-12 (2001). 

23. Sanders, DA., Tewkesbury, GE.: A pointer device for TFT display screens that determines position by detecting colours on the 

display using a colour sensor and an Artificial Neural Network.  Displays 30 (2), 84-96 (2009). 

24. Sanders, D.: Controlling the direction of "walkie" type forklifts and pallet jacks on sloping ground. Assembly Automation 28 (4), 

317-324 (2008). 

25. Sanders, D.: Environmental sensors and networks of sensors. Sensor Review 28 (4), 273-274 (2008). 

26. Stott, IJ., Sanders, DA., Goodwin, MJ.: A software algorithm for the intelligent mixing of inputs to a tele-operated vehicle.  

Euromicro Conference 95, Volume: 43, 67-72  (1997). 

27. Sanders, DA., Lambert, G., Graham-Jones, J., et al.: A robotic welding system using image processing techniques and a CAD 

model to provide information to a multi-intelligent decision module.  Assembly Automation 30 (4), 323-332 (2010). 

28. Horn, O., Kreutner, M.: Smart wheelchair perception using odometry, ultrasound sensors, and camera.  Wheelchairica, 27  303-

310 (2009). 

29. Rahiman, MHF., Zakaria, Z., Rahim, RA., et al.: (2009).  Ultrasonic tomography imaging simulation of two-phase homogeneous 

flow.  Sensor Review 29 (3), pp 266-276 (2009). 

30. Al-Kasassbeh, M., Adda, M.: Network fault detection with Wiener filter-based agent.  Jrnl of network and computer applications 

32 (4) 824-833 (2009). 

31. Gegov, A., Sanders, DA., Vatchova, B.: Aggregation of inconsistent rules for fuzzy rule base simplification.  International Journal 

of Knowledge-Based and Intelligent Engineering Systems 21 (3), 135-145 (2017). 

32. Sanders, DA., Sanders, HM., Gegov, A., Ndzi, D.: Rule-Based System to Assist a Tele-Operator with Driving a Mobile Robot.  

Proc’ SAI Intelligent Systems Conference (Intellisys) 2016, Vol 2 – 16, 599-615 (2018). 



33. Sanders, D., Gegov, A.: AI tools for use in assembly automation and some examples of recent applications, Assembly Automation 

33 ( 2), 184-194 (2013). 

34. Sanders, D.: New method to design large-scale high-recirculation airlift reactors.  Journal of Environmental Engineering and 

Science 12 (3), 62-78 (2017). 

35. Gegov, A., Gobalakrishnan, N., Sanders, DA.: Rule base compression in fuzzy systems by filtration of non-monotonic rules, Jrnl 

Intell & Fuzzy Sys 27(4), 2029-2043 (2014). 

36. Gegov, A., Petrov, N., Sanders, D., Vatchova, B.: Modular rule base fuzzy networks for linguistic composition based modelling. 

International Journal of Knowledge-Based and Intelligent Engineering Systems 21(2), 53-67 (2017). 

37. Sanders, D.: Recognizing shipbuilding parts using artificial neural networks and Fourier descriptors, Proceedings of the Institution 

of Mechanical Engineers - Part B- Journal of Engineering Manufacture, vol. 223, no. 3, pp. 337-342 (2009).  

38. Sanders, DA., Lambert, G., Pevy, L.: Pre-locating corners in images in order to improve the extraction of Fourier descriptors and 

subsequent recognition of shipbuilding parts.  Proc’ of IMechE Part B-Jrnl of Eng manufacture 223 (9), 1217-1223 (2009). 

39. Sanders, DA., Haynes, BP., Tewkesbury, GE., Stott, IJ.: The addition of neural networks to the inner feedback path in order to 

improve on the use of pre-trained feed forward estimators.  Mathematics and Computers in Simulation 41 (5-6), 461-472 (1996). 

40. Gegov, A., Petrov, N., Sanders, D., Vatchova, B.: Boolean matrix equations for node identification in fuzzy rule based networks.  

International Journal of Knowledge-Based and Intelligent Engineering Systems 21 (2), 69-83 (2017). 

41. Khan, AA., Adda, M., Adams, C.: Convergence of terrestrial and satellite mobile communication systems: an operator's 

perspective.  Int jrnl of mobile communications 7 (3), 308-329 (2009) 

42. Gegov, A., Arabikhan, F., Sanders, D., Vatchova, B., Vasileva, T.: Fuzzy networks with feedback rule bases for complex systems 

modelling.  International Journal of Knowledge-Based and Intelligent Engineering Systems 21 (4), 211-225 (2017). 

43. Stahl, F., Bramer, M., Adda, M.: PMCRI: A Parallel Modular Classification Rule Induction Framework.  Machine learning and 

data mining in pattern recognition 5632, 148-162 (2009). 

44. Erwin-Wright, S., Sanders, D., Chen, S.: Engineering Applications of Artificial Intelligence 16 (5-6), 465-472 (2003). 

45. Urwin-Wright, S., Sanders, D., Chen, S.: Terrain prediction for an eight-legged robot. Journal of Robotic Systems 19 (2) 91-98 

(2002). 

46. Sanders, DA., Cawte, H., Hudson, AD.: Modelling of the fluid dynamic processes in a high-recirculation airlift reactor.  

International journal of energy research 25 (6), 487-500 (2001). 

47. Sanders, DA.: Real time geometric modeling using models in an actuator space and Cartesian space.  Journal of Robotic Systems 

12 (1) 19-28 (1995). 

48. Hinks JW, Cawte H, Sanders DA, et al. (1995).  Model for the prediction of liquid volumetric flow rates in large scale airlift 

reactors.  3rd Int Conf on water and waste water treatment.  Book Series: BHR Group Conference Series Publication Issue: 17, 

Pages: 125-133. 

49. Hinks JW, Cawte H, Sanders DA, et al. (1996).  Prediction of flow rates and stability in large scale airlift reactors.  Water science 

and technology 34, Issue: 5-6, pp 51-57. 

50. Tewkesbury, GE., Sanders, DA.: The use of distributed intelligence within advanced production machinery for design applications.  

Total Vehicle Technology Conference, 255-262 (2001). 

51. Tewkesbury, G., Sanders, D.: A new robot command library which includes simulation. Industrial Robot 26 (1) 39-48 (1999). 

52. Tewkesbury, G., Sanders, D.: A new simulation based robot command library applied to three robots.  Journal of robotic Systems 

16 (8) 461-469 (1999). 

53. in this case human wheelchair drivers (Sanders, 2008b). 

54. Chang, YC., Yamamoto, Y.:  On-line path planning strategy integrated with collision and dead-lock avoidance schemes for wheeled 

mobile robot in indoor environments.  Industrial robot – an international journal 35 (5), 421-434 (2008). 

55. Fahimi, F., Nataraj, C., Ashrafiuon, H.: Real-time obstacle avoidance for multiple wheelchairs.  Wheelchairica, 27, 189-198 (2009). 

56. Stott, I., Sanders, D.: The use of virtual reality to train powered wheelchair users and test new wheelchair systems.   Int Journal of 

Rehab Research 23 (4), 321-326.  (2000). 

57. Sanders, D.: Analysis of the effects of time delays on the teleoperation of a mobile robot in various modes of operation. Industrial 

Robor 36 (6), 570-584 (2009). 

58. Langner, MC., Sanders, DA.: Controlling wheelchair direction on slopes.  Jrnl of Assistive Technologies. 2 (2), 32-42 (2008). 

59. Bergasa-Suso, J, Sanders, DA, Tewkesbury, GE.: Intelligent browser-based systems to assist Internet users.  IEEE Transactions on 

Education 48 (4), 580-585. (2005).   

60. Sanders, DA., Bergasa-Suso, J.: Inferring Learning Style From the Way Students Interact With a Computer User Interface and the 

WWW. IEEE Transactions on Education 53 (4) 613-620 (2010) 

61. Sanders, D.: Viewpoint - Force sensing.  Industrial Robot 34(4), pg 177. 268 (2007). 

62. Chester, S., Tewkesbury, G., Sanders, D.,et al.: New electronic multi-media assessment system.  Web Information Systems and 

Technologies 1, 414-420 (2007). 

63. Sanders, DA.: Perception in robotics. Industrial Robot 26 (2) 90-92 (1999). 

64. Sanders, DA. Rasol, Z: An automatic system for simple spot welding tasks.  Total Vehicle Technology Conference 263-272 (2001). 

 


