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Abstract: Interventional needle shape monitoring method can provide doctors with important information
during surgery and is a necessary means to ensure the safety of surgery. In order to improve interventional needle
shape measurement accuracy, a fiber grating sensor (FBG) array was presented, which introduced a strain
sensitivity matrix to measure the shape of the probe. Firstly, based on the theory of FBG, the relationship between
the wavelength shift of the fiber grating implanted in the probe and its strain was analyzed, and the strain
sensitivity matrix was introduced, the relationship between the FBG center wavelength shift and its bending
curvature was studied. Then the geometric parameter relations and coordinate transformation equations of the

needle's local elements were deduced, and the needle shape reconstruction model based on fiber grating was
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established. Finally, in order to verify the influence of introducing the strain sensitivity matrix on the shape

measurement accuracy, the shape measurement experiment of the intervention needle implanted with the FBGs

array under different bending states was carried out, and the error of the shape measurement before and after the

strain sensitivity matrix was compared and analyzed. The experimental results show that the introduction of the

FBG’s strain sensitivity matrix can effectively improve the measurement accuracy of the needle. Under different

bending conditions, the average error of the end of the interventional surgical needle is reduced by 1.385 mm, and

the maximum error is reduced by 3.317 mm. The shape measurement method based on FBGs array proposed in

this paper has broad application prospects in the direction of shape measurement of flexible medical instruments

in interventional surgery.
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Fig.1 Flowchart of shape reconstruction algorithm
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Tab.1 Wavlength shift of different FBGs before and

after integrating needle

Fiber FBG befor\z z‘r:lizltli%l?d/nm afte:\;xlig:i%ctg/nm
1 1525.8163 1525.7967
2 1529.6933 1529.6742
2 3 1533.7671 1533.7475
4 1538.1146 1538.1146
1 1525.7575 15257575
2 1529.8308 1529.8308
° 3 1533.9042 1533.9042
4 1537.8208 1537.8013
1 1525.9753 1525.9925
2 1529.9092 1529.9092
¢ 3 1533.7671 1533.7867
4 1537.8600 1537.8600
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Tab.2 Strain sensitivity of FBGs

FBG strain sensitivity

FBG strain sensitivity/

Fiber FBG -1 after embedded/
pm-ue el
pm-ue
1 111 0.4
2 1.12 0.79
a 3 112 0.84
4 1.12 0.84
1 1.13 0.56
2 1.15 0.81
b
3 1.14 0.83
4 1.15 0.84
1 1.13 0.38
2 1.14 0.77
C
3 1.14 0.79
4 1.15 0.78
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Fig.11 Reconstruction results of needle under different deformation
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Tab.3 Deformation measured error analysis of X-axis

Deformation theoretical value/mm -3 -6 -9 -12 -15
Shape reconstruction without sensitivity matrix/mm —2.181 =5.920 —10.684 —14.498 -18.918
Absolute error/mm 0.819 0.08 1.684 2.498 3.918
Relative error 5.46% 0.53% 11.23% 16.65% 26.12%
Shape reconstruction with sensitivity matrix/mm —2.896 —5.667 —8.538 —11.425 —14.399
Absolute error/mm 0.104 0.333 0.462 0.575 0.601
Relative error 0.69% 2.22% 3.08% 3.83% 4.01%
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