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Overview

Real-Time Obstacle Avoidance for Intelligent Wheelchairs

= Motivation

Find solutions to assist handicapped people who are unable to operate classic electric
wheelchairs by themselves in their daily activities.

= Main Goal

'FEU

v" Design a control methodology to assist wheelchair’s users (Shared Control)
Avoid obstacles in real-time

Increase user safety

Improve user safety perception

Low memory and processing consuming algorithm.

DN N N N

Based on low cost sensors
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Overview

Real-Time Obstacle Avoidance for Intelligent Wheelchairs

= Hypothesis
I.  The shared control paradigm does provide significant reduction in the number of collisions .

[I.  The shared control paradigm does provide significant improvement in the user safety
perception.

lll.  The shared control paradigm does help the user during navigation tasks.

V. The wheelchair has the same behavior in the real and the simulated environment.
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Methodology

Real-Time Obstacle Avoidance for Intelligent Wheelchairs

* Proposed methodology

This approach is an extension of the potential field concept;

The robot is considered immersed in a field of forces generated by the target (attractive force)
and by obstacles (repulsive forces);

The resultant robot behavior is obtained by the sum of all attractive and repulsive forces at a
robot’s given position;

Does not build a map the environment;
Instead, each ultrasonic range reading is treated as a repulsive force;

Forces are computed in real-time;
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Real-Time Obstacle Avoidance for Intelligent Wheelchairs

* Proposed methodology

The position of obstacle O; is computed as the measured distance D; under the acoustic axis
of the sensor.

The direction of each repulsive force is determined by the direction of 7; .

--------------
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Real-Time Obstacle Avoidance for Intelligent Wheelchairs

Each repulsive force is dependent of the distance to the object and to the wheelchair speed

|[Fi| =xx exp(—f = D; + w = 5) = | Ky

Where:
o« [ ,® Positive constants deduced from the desired safety range.

Attractive force
Distance measured by the sensor S;
Wheelchair’s speed

y = 15 * exp(f * D)
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Real-Time Obstacle Avoidance for Intelligent Wheelchairs

3 = Proposed methodology
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Where =0
F; Force yielded by the obje&; sensed through the senso$; =
r
F; Resultant repulsive force F,=F,+F.
Fq Actual attractive force
Fy Force that drives the robot
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Real-Time Obstacle Avoidance for Intelligent Wheelchairs

= Evaluation tests

6 volunteers aged between 26 and 39 years old (30 in a near future).
Composed of 1 set of 4 drive tests.
Driving interface based on the user’s head position.

User’s goals:

Experiments

1. Drive safely through the predefined path.

2. Finish each lap as fast as possible.
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Experiments

= Prototype

FEU

v Ring of eight sonars

v" Two encoders

v Embedded ATmegal280 microprocessor

v' 128 Kb of Flash memory

v Algorithm cycle of 80 ms
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Real-Time Obstacle Avoidance for Intelligent Wheelchairs

= Protocol

Defined to standardize the results of both tests:

I.  Volunteers have been instructed about test procedure and about their objectives.

[I. 10 minutes trial in a simulated environment (experiment the wheelchair and make
the adjustments in the special human-machine interface) .

Experiments

[ll.  Drive the wheelchair (1 lap) through the circuit in the simulated environment with
the manual control paradigm.

IV. Drive the wheelchair (1 lap) through the circuit in the simulated environment, but
with the assistance of the shared control.

V. Drive the wheelchair (1 lap) in the real environment with the manual control.

VI. Drive the wheelchair (1 lap) in the real environment with the shared control
paradigm.

VII. Post-task questionnaire ( to evaluate the user safety perception).
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Real-Time Obstacle Avoidance for Intelligent Wheelchairs

= Two sections of six questions using a five-point Likert scale item
(1 = Strongly disagree, 2 = Disagree, 3 = Neither agree /disagree, 4 = Agree, 5 = Strongly agree)

I. | feel comfortable when driving the wheelchair.
| feel that | have the control of the wheelchair behaviour.

[ll. Itis easy to drive the wheelchair in cluttered spaces.

Questionnaire

IV. Driving the wheelchair requires little attention.

V. The wheelchair has the same behaviour either in the simulated and the real environments.

VI. 1 Dbelieve that the shared control helped me during the navigation task.

The user safety perception was treated as an indirect variable measured through the sum of the
points of the first four statements.
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Real-Time Obstacle Avoidance for Intelligent Wheelchairs

= Number of collisions (paired 2-tailed t-student test - H, p <= 0.05)
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v'In the simulated environment, results (t= 6.028, p= 0.002), provided statistical evidence that the
shared control is effective in reducing the number of collisions.

v'In the real environment, results (t= 2.582, p= 0.049) provided statistical evidence that the shared
control is effective in reducing the number of collisions.
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Results

Real-Time Obstacle Avoidance for Intelligent Wheelchairs

= Safety perception (paired 2-tailed t-student test - H, p <= 0.05)
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v'Results (t= -2.907, p= 0.034) indicate statistical evidence that the shared control is effective to
improve user’s safety perception.

F E U ‘F’;‘;:E,;ﬂ;’ i‘,‘i.‘}f;,‘,’ﬁ;}i‘; DSIE’10 - Doctoral Symposium in Informatics Engineering 14 of 16



Results

Real-Time Obstacle Avoidance for Intelligent Wheelchairs

= Simulator and Help perceptions (paired 2-tailed t-student test - H, p <= 0.05)

(Likert scale > 3 = Neither agree /disagree)
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v't-student results (t= 3.162, p = 0.025) provided evidence that volunteers indeed felt that the
shared control paradigm helped then to drive the wheelchair.

v It was not possible to state with a confidence level of 95% that the wheelchair has the same
behaviour in the real and simulated environments for both manual and shared control paradigms.
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Conclusions

Real-Time Obstacle Avoidance for Intelligent Wheelchairs

= Conclusions:

v’ Real-time obstacle avoidance algorithm, low overhead.
v’ Independent of a localization system.

v Narrow corridors navigation.

v Hypothesis |, Il, lll were accepted.

v The approach is very sensor-depended.

v Presence of two small blind spots for object closer than 25 cm (one at each side of the
wheelchair).

= Future work:

v’ Increase the wheelchair's simulator realism.

v" Fix the wheelchair’s blind spots.

v Implement Kalman filtering to reduce sensors noise.
v" Increase the number of volunteers.

v Test the algorithm in impaired people with different diseases.
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Real-Time Obstacle Avoidance for Intelligent Wheelchairs

Questions
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Real-Time Obstacle Avoidance for Intelligent Wheelchairs

References

1. Simpson, R., LoPresti, E., Hayashi, S., Nourbakhsh, I., Miller, D.: The Smart Wheelchair Component System. Journal of Rehabilitation
Research and Development 41, pp. 429--442 (2004)

2. Hamagami, T., Hirata, H.: Development of Intelligent Wheelchair Acquiring Autonomous, Cooperative, and Collaborative Behavior. In:
IEEE International Conference on Systems, Man & Cybernetics, pp. 3525--3530 (2004)

3. Bourhis, G., Agostini, Y.: The VAHM Robotized Wheelchair: System Architecture and Human-Machine Interaction. Journal of Intelligent
& Robotic Systems 22, pp. 39--50 (1998)

4. Bell, D.A., Borenstein, J., Levine, S.P., Koren, Y., Jaros, L.: An Assistive Navigation System for Wheelchairs Based Upon Mobile Robot
Obstacle Avoidance. In: IEEE International Conference on Robotics and Automation, 2018-2022 (1994)

5. Lankenau, A., Rofer, T.: A Versatile and Safe Mobility Assistant. IEEE Robotics & Automation Magazine 8, pp. 29--37 (2001)

6. Borenstein, J., Koren, Y.: The Vector Field Histogram - Fast Obstacle Avoidance for Mobile Robots. IEEE Transactions on Robotics
and Automation 7, pp. 278--288 (1991)

7. Borenstein, J., Koren, Y.: Obstacle Avoidance with Ultrasonic Sensors. IEEE Journal of Robotics and Automation 4, pp. 213--218
(1988)

8. Elfes, A.: Sonar-Based Real-World Mapping and Navigation. IEEE Journal of Robotics and Automation 3, pp. 249--265 (1987)

9. Wang, T.Z., Yang, J.: Certainty Grids Method in Robot Perception and Navigation. In: IEEE International Symposium on Intelligent
Control, pp. 539--544 (1995)

10. Moravec, H.P.: Sensor Fusion in Certainty Grids for Mobile Robots. Ai Magazine 9, pp. 61--74 (1988)

11. Borenstein, J., Koren, Y.: Histogramic In-Motion Mapping for Mobile Robot Obstacle Avoidance. IEEE Transactions on Robotics and
Automation 7, pp. 535--539 (1991)

12. Andrews, J.R., Hogan, N.: Impedance control as a framework for implementing obstacle avoidance in a manipulator. In: ASME Winter
Conference, pp. 243--251 (1983)

13. Khatib, O.: Real-Time Obstacle Avoidance for Manipulators and Mobile Robots. International Journal of Robotics Research 5, pp. 90--

98 (1986)

m M *
i F E U P E:;:ﬁ;ﬂg ?;;IeE:;rI::ar;cig DSIE’10 - Doctoral Symposium in Informatics Engineering 18 of 16



References

Real-Time Obstacle Avoidance for Intelligent Wheelchairs

14. Krogh, B.H.: A Generalized Potential Field Approach to Obstacle Avoidance Control. In: International Robotics Research
Conference (1984)

15. Seki, H., Shibayama, S., Kamiya, Y., Hikizu, M.: Practical Obstacle Avoidance Using Potential Field for a Nonholonmic Mobile
Robot with Rectangular Body. In: IEEE International Conference on Emerging Technologies and Factory Automation, pp. 326--332
(2008)

16. Khatib, M., Chatila, R.: An Extended Potential Field Approach for Mobile Robot Sensor-Based Motions. In: International Conference
on Intelligent Autonomous Systems, pp. 490--496 (1995)

17. Bicho, E., Mallet, P., Schoner, G.: Using Attractor Dynamics to Control Autonomous Vehicle Motion. In: 24th Annual Conference of
the IEE Industrial Electronics Society, pp. 1176--1181 (1998)

18. Koren, Y., Borenstein, J.: Potential-Field Methods and Their Inherent Limitations for Mobile Robot Navigation. In: IEEE International
Conference on Robotics and Automation, pp. 1398--1404 (1991)

19. Parikh, S.P., Grassi, V., Kumar, V., Okamoto, J.: Usability Study of a Control Framework for an Intelligent Wheelchair. In: IEEE
International Conference on Robotics and Automation pp. 4745--4750 (2005)

20. Braga, R.A.M., Petry, M., Moreira, A.P., Reis, L.P.: IntellWheels - A Development Platform for Intelligent Wheelchairs for Disabled
People. In: 5th International Conference on Informatics in Control, Automation and Robotics, pp. 115--121 (2008)

21. Braga, R.A.M., Petry, M., Moreira, A.P., Reis, L.P.: Concept and Design of the Intellwheels Development Platform for Intelligent
Wheelchairs. In: Cetto, J.A., Ferrier, J.L., Filipe, J. (eds.). LNEE, vol. 37, pp. 191--203. Springer-Verlag, Heidelberg (2009)

22.Braga, R.A.M., Malheiro, P., Reis, L.P.: Development of a Realistic Simulator for Robotic Intelligent Wheelchairs in a Ho spital
Environment. In: Baltes, M.Lagoudakis, T.Naruse, S.Shiry (Eds.) Robocup 2009. LNAI, vol. 5949, pp.23--34. Springer, Heidelberg
(2009)

23. Reis, L.P., Braga, R.A.M., Sousa, M., Moreira, A.P.: Intellwheels MMI: A Flexible Interface for an Intelligent Wheelchair. In: Baltes,
M.Lagoudakis, T.Naruse, S.Shiry (Eds.) Robocup 2009. LNAI, vol. 5949, pp.296--307. Springer, Heidelberg (2009)

F E U E:;:ﬁ;ﬂg ?;;IeE:;rI::ar;cig DSIE’10 - Doctoral Symposium in Informatics Engineering 19 of 16



