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Recognition Performance of Vestibular-Ocular Reflex Based
Vision Tracking System for Mobile Robot
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Abstract: This paper presents a recognition performance of VOR (Vestibular-Ocular Reflex) based vision tracking system for mobile
robot. The VOR is a reflex eye movement which, during head movements, produces an eye movement in the direction opposite to the
head movement, thus maintaining the image of interested objects placed on the center of retina. We applied this physiological
concept to the vision tracking system for high recognition performance in mobile environments. The proposed method was
implemented in a vision tracking system consisting of a motion sensor module and an actuation module with vision sensor. We tested
the developed system on an x/y stage and a rate table for linear motion and angular motion, respectively. The experimental results
show that the recognition rates of the VOR-based method are three times more than non-VOR conventional vision system, which is
mainly due to the fact that VOR-based vision tracking system has the line of sight of vision system to be fixed to the object,
eventually reducing the blurring effect of images under the dynamic environment. It suggests that the VOR concept proposed in this
paper can be applied efficiently to the vision tracking system for mobile robot.

Keywords: VOR (Vestibulo-Ocular Reflex), vision tracking system, recognition performance
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Fig. 1. Simple conceptual diagram of angular Vestibule-Ocular
reflex.
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Table 1. Measured performances of the motion sensor module.
Input range +5g
Ay 95 Scale factor 245 2count/g
- Nonlinearity 0.27%FSO
HA s
Cross axis sensitivity <#2.0%,
Noise density 112ug/rtHz
Input range +140deg/s
3 5 Nonlinearity 023%FSO
2R A% Rate noise density 0.05deg/s/rtHz
Bias stability <0.5deg/s
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Table 2. Specifications of the vision sensor (Firefly MV, Point Grey
Research Inc.).
Image sensor Micron MT9V022 1/3” CMOS
Max. active pixels Wide-VGA 752 x 480pixel
Max. frame rate 752 % 480 at 60fps
Lens Focal length 8mm
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Table 3. Specifications of motor (EX-106, Robotis Inc.).

Type DC motor with encoder
Input voltage 14.8~18.5V
Rotation resolution 0.07deg
Angle range + 140deg or endless turn
Rotation speed Max. 420deg/s
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() Picture of experimental setup.
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(b) Schematics of experimental setup.
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Fig. 8. Test setup for linear motion.
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Fig. 9. Comparisons of the line of sight changes between non-VOR
based vision system and VOR based vision system.
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Fig. 10. Output images of recognition experiments for linear motion
(non-VOR based vision system).
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Fig. 11. Output images of recognition experiments for 0.4 m/s linear
motion (VOR based vision tracking system).
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Table 4. Measured recognition rates of two vision systems for linear

motion.
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Fig. 12. Comparison of recognition rate of non-VOR based tracking
system and VOR-based one (0.4m/s linear motion).
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Fig. 16. Output images of recognition experiments for 90deg/s
angular motion (VOR based vision tracking system).
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Table 5. Measured recognition rates of vision tracking system for

angular motion.
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Fig. 17. Comparison of recognition rate of non-VOR based tracking
system and VOR-based one (90 deg/s angular motion).
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