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( Position and Attitude Estimation of a Capsule Endoscope based on
Ultrasonic Ranging )
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Abstract

This paper presented a location and attitude estimation scheme of a capsule endoscope based on ultrasonic ranging.
The scheme comprised eight on—capsule ultrasonic sensors to alleviate measurement errors due to irregularities in human
body ultrasonic characteristics. It calculated the coordinate values and angles in a Cartesian coordinate system. The
Matlab simulation reflecting random errors vielded the average deviations of 0.8mm in the location and 0.2° in the attitude
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accurate diagnosis of intestine.

These values are far smaller than normal intestine movement ranges inside human body, and will contribute
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The architecture of the capsule endoscopy and
the binder control system.
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Fig. 2. A three dimensional location method using four

receivers.
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Fig. 4. The capsule aftitudes: (a) rolling; (b) pitching: (c)
yawing.
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Table 1. Simulation condition (unit : mm).

X maximum scale : 1000
Simulation parameter y maximum scale : 1000
z maximum scale : 1000
Tx 1: (000

Tx 2 : (300, 150, 250)
Tx 3 @ (650, 400, 750}
Tx 4 : (1000,600,500)
Radius @ 70

*10

Ultrasonic Transmitter
coordinates

Capsule Endoscope size
Absolute distance error
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Fig. 5 The simulation results on the capsule location
(unit. mm): (@) positon axis in the 3D space; (b)
position axis in the x-y plane; (¢} position axis in the
y-z plane; (d) position axis in the x-z plane.
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Table 2. Average attitude data based on the number of
measurement.
Number of measurement
Content | Real Angle
5 10 15 20
Pitching 45° 45° 45° 45° 45°
Yawing -60° 5876° | -5870° | -58.70° | -5862°
Rolling 60° 60.44° | 6041° | 6033° | 6019°
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