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Calibration Technique for Freehand 3-D Ultrasound System
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Abstract This paper proposes a calibration method for a freehand 3-D ultrasound system in medical robotic
research. The calibration block with six wires was designed to set the fixed target points. The positions of the
ultrasound probe and calibration block were measured using an optical tracker. The relationship between the
position of the ultrasound probe and the pixel coordinates in the images was derived using a calibration process.
The scaling matrix was also calculated. The experimental results showed that the proposed method could find
solutions using a simple least square method from one or multiple ultrasound images.
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[Fig. 1] Schematic diagram of overall calibration system
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T : Base frame of optical marker tool attached to block

[Fig. 2] Coordinates of calibration system
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[Fig. 3] Optical marker tool for ultrasound probe
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[Fig. 4] Calibration block
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[Fig. 5] Size of ultrasound image in JPEG file

[Fig. 6] Target points shown in ultrasound image
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[Table 1] Wires to be used in the test.
No. | Materials Thickness Color
1 Cotton thread 0.50 mm Red
5 Paper covered 075 mm Blue
color cord
3 E\?Zl?}l/e 1.8 mm Colorless
4 Fishing line 0.56 mm Green
5 Nylon thread 0.30 mm Black
g | Paper covered 070 mm | White
metal wire
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(b)

[Fig. 7] Six wires in the calibration block
(a) Calibration block (8 in x 8 in x 8 in) (b) Wires

[Table 2] The details of four experiments.

No. | Liquid Probe direction
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[Fig. 8] Wires in the ultrasound images

[Table 3] Result

(a) Wire
(b) Wire
(c) Wire

3 (left) and 4 (right) in Test 1
3 (left) and 4 (right) in Test 4
5 (left) and 6 (right) in Test 4

using one image

a Ié; vy z Yy z S, | S, | error
1.54| 0.17| 1.62| 32.8| 17.5| 19.8| 4.59| 4.38| 4.85
[Table 4] Result using multiple images
« “3 Yy T Yy z Sr Sg/ error
1.53] 0.15| 1.59] 32.2| 17.7| 19.5] 4.61| 4.34]| 1.12
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