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Object dimension measurement using the 5-dof electromagnetic tracked endoscope
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Abstract : The object dimension measurement in small scenes has problems of low resolution, weak texture and lack of reference objects.
To address these issues, a method using the 5-dof electromagnetic tracked endoscope is proposed. Firstly, the positioning principle of the
endoscope based on the 5-dof sensor is analyzed. The displacement of endoscope along the main optical axis can be obtained. Then, the
navigation acquisition method of the key information of the image target is analyzed. The contour information of the image target is
obtained through the semantic segmentation network. Then, the coincidence degree with the main optical axis of the endoscope is
determined, and the image target length information and the corresponding pose information of the key frame meeting the coincidence
conditions are recorded. Finally, based on the pinhole camera imaging model, the target size measurement method is established by
combining the target imaging scale relationship with the displacement of the endoscope along the main optical axis. Experimental results
show that the measurement error of the method is controlled within 10%. The average measurement error for targets with a length of 1~
9 mm is 0.33 mm. It can meet the requirements of stable and reliable target size measurement, high precision, time-saving and labor-
saving in the monocular endoscopy.
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Fig. 1 Diagram of the 5-dof magnetic sensor
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Fig.2 Coordinate system relationship in application
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Fig.3 Diagram of rotation decomposition
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Fig.4 Diagram of target minimum bounding box acquisition
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Fig.5 Flowchart of key frames acquisition

BRI R T 0P
5 A 7 1900 2 B DL D RS
e(1)) - e(1,)

SUht) = T ) | )

Hor S(t,,6,) € (0,1) K¢, F e, XFRAY P BiBe 306
B I () B ery ) MURIAE , 46 S 1 B 2
AR A 5 A T, T L 7
BYELRKIE L () A1 L (1) 5 2 I 2 el o
B A TR SRR PR




% 6 1 =

A RE T AR B B B R R 233

3 B#RR~TUE

YN BT O ) K A A I SR H AR
K (BN pixel ) 2 K AEA N Y AE AL, T8 LA L
JRAGASEAY | PN BT B8 B Sk T L 3O 3l Az) B, X HY
FAR I B2 Be A2 fR Anl&l 6 s o
H#5 #EH AR

A

K6 WEIBRGHER A

Fig. 6 Schematic diagram of the endoscopic imaging model
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Fig.7 Diagram of the image measuring system
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Fig. 8 Experiment of pig kidney endoscopy
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Fig. 9 Example of the calibration of the endoscopic camera
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Fig. 10 Example of the stone segmentation effect
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Fig. 12 Feature matching of image target in 3D tube
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Table 1 Measurements results of object length in tube

b Rz moORZE CFEE P HoriR

/mm B/ mm /mm fH/mm  BRZE/mm /%
1.68 1. 47 0.21 1.57 0.11 6.55
2.16 1.87 0.29 1.93 0.21 8. 64
3.03 2.73 0. 30 2.85 0.18 5.93
3.49 3.15 0.34 3.21 0.28 8.02
3.84 3.31 0.53 3.63 0.17 4.43
4.17 3.76 0.41 3.91 0. 26 6.52
5.47 4.93 0.50 5.16 0. 31 5.61
6.15 5.43 0.72 5.70 0.45 7.32
7.53 6.78 0.75 7.04 0.49 6.48
8.98 8.13 0. 85 8.45 0.54 5.95
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Table 2 Measurements results of object length in kidney

SRRl dORZE RORfiZE P P TR

/mm fH/mm /mm fH/mm  RE/mm /%
1.68 1.43 0.25 1.55 0.13 8.48
2.16 1. 87 0.29 1.94 0.23 9.72
3.03 2.67 0. 36 2. 80 0.23 7.71
3.49 3.15 0.34 3.17 0.32 8.31
3.84 3.25 0.59 3.64 0.20 6.53
4.17 3.59 0.58 3.87 0.34 7.11
5.47 4.92 0.55 5.11 0. 36 6.57
6.15 5.41 0.74 5.72 0.43 8.01
7.53 6.63 0.90 7.06 0.47 6.29
8.98 8.09 0. 89 8.34 0. 64 7.03
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Table 3 Comparison with manual estimation in 3D tube

ShatE/mm A TARTE/mm  828/%  AXCHE/mm RE/%
1.68 2.50 48. 81 1.57 6.55
2.16 1.20 44. 44 1.93 8. 64
3.03 4.52 49.17 2.85 5.93
3.49 2.11 39. 54 3.21 8.02
3.84 6. 67 73.70 3.63 4.43
4.17 2.84 31.89 3.91 6.52
5.47 7.51 37.29 5.16 5.61
6.15 4.72 23.25 5.70 7.32
7.53 9.55 26. 83 7.04 6. 48
8.98 12.27 36. 64 8.45 5.95
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Table 4 Comparison with manual estimation in kidney

b/ mm ATAE/mm RZE/%  ARIOT7TE/mm BRE/%
1. 68 2.5 48. 81 1.55 8.48
2.16 1.2 44.44 1.94 9.72
3.03 4.17 37.71 2.80 7.71
3.49 4.98 42.7 3.17 8.31
3.84 4.73 23.2 3. 64 6.53
4.17 2.98 29.37 3.87 7.11
5.47 3.38 41.24 5.11 6.57
6.15 7.72 25.53 5.72 8.01
7.53 10. 37 37.76 7.06 6.29
8.98 12.73 41. 81 8.34 7.03
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