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Development of Airborne Ultrasonic Motion Capture
and Spatial Dimension Measurement Technology (Orientator)
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We have developed a spatial dimension measurement device (orientator) using airborne ultrasonic waves. We achieved
spatial measurement by using 3 ultrasonic transducers and 3 ultrasonic microphones. The measurement principle is based
on 3 sets of 3-side measurements. We acquire plane equations of microphones and transducers, and calculate the
orientation angle and direction based on the surface normal vector. Using 40kHz ultrasonic wave, by transmitting through
a plate with a 1mm diameter hole on the transmitting side and a plate with a 0.5mm diameter hole on the receiving side,
it is possible to transmit it hemispherically and to receive it from any direction on the hemisphere. It is expected that this
device can instantly measure the positional relationship of pipes, etc. at plant construction work with displaying the 3D
data on PC. Test results show that the measurable distance range is about 1000 mm, the accuracy is about +1 mm.
Furthermore, the 3D image is updated at approximately 13 frames per second (FPS). In the era of CPS (Cyber-Physical
System), with cheaper and easier spatial dimension measurement devices and motion capture, it is expected that they will

become more widespread in many fields, including plant construction and maintenance.
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(a) The 3 mic. coordinates with 3 sets of 3-side measurements (b) The direction and angle by calculating 2 plane equations
Fig.1 3 sets of 3-side measurements using 3 transducers and 3 microphones
and determining the direction and angle by calculating 2 plane equations
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+Position,direction and angle (orientation) estimation
-Displaying 3D objects (Open GL or Direct X)
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(a)Diagrams (b)Apparatus picture
Fig.2 Apparatus Configuration
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(a)Apparatus (physical) (b)Apparatus (cyber) displaying Objects on PC Software
Fig.3 Picture and Hardcopy of PC software for apparatus
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Tablel Examination result and performance of apparatus

Spatial dimension Motion capture Spatial Measurement FPS Mismeasurement
measurement operating range dimensional angle accuracy (Frame per rate
range accuracy Second) (MAX)
About 1000 mm About 700 mm About =1 mm About =1 ° About 13 FPS 5 FPS(*)

* Depends on the device's speed, position, direction, and angle (orientation).
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