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The puncturing needle pose detection in CT images with deep learning method.
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In recent years, a surgical method called IVR (Interventional Radiology) has attracted

attention. It is applied to cancer treatment and biopsy, and has the feature of less burden on

patients. However, radiation exposure of doctors has become a problem. Therefore, I has been

developed the puncture robot that can be operated remotely. The puncture robot has made

it possible to reduce the radiation exposure of doctors to zero. Currently, automatic puncture

is a major goal of robots. One of the requirements for the realization of automatic puncture

is the detection of the posture information of the puncture needle from the CT images. This

paper proposes a method for detecting the tip coordinates and orientation of the needle from

CT images.
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Fig.1 Remote operable puncture robot
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Fig.2 Image to be detected

(a) Input (b) Approximate detection

of needle region

(c) Cut out

(d) Detection of tip coordinates

Fig.3 Flow of getting tip coordinates
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Fig.4 SSD Network overview
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Examine 3x3 centered on the tip coordinates,
record if the CT value is 500-5000
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Examine the 3x3 coordinates centered on
the recorded coordinates,
record if the CT value is 500-5000
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Find the end point based on
the center of gravity
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Connect the end points,
Calculate the distance between the connected
straight line and each coordinate of the needle
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Calculate the average distance and
use half of the straight line as the new endpoint.

]

|

" Distancebetween No
——_endpointsis 10mmorless ———

Yes

Connect the end points

~_ END )

Fig.5 Posture detection flow

(a) Input image

(b) After marking
the coordinates of
the needle

Fig.6 Domain expansion method

oooooboboooooobooobooooooooboooaon
ooooobooogosguoooooooooboooooboo
ooooooooooooboooobooobOooooooboo
ooooobooooooooooooobooooooboboo
uooooboobocoooooboooooOoobooouoooboboOoo
ooooooboooooooooobooooooooooobooboo
ooooobooocoooooooooOooboooooobooboOoo
oooooooooooooobooOooooooboooooo
ooboooob 1IommOdOoOOoOoooOOoOooooooogno

3 0OoOdno

3.1 SSDOOOOO

oooOoooOooooooOo croooo9opoooooon
SShbOoOooO0o000oO0ooooooooooooooooooo
oobooooooooboooboooobOOooobOooooooboooon
000000000000 CT OO0 WindowCenter O 4000

<
Enlarged image

(a) Rectangle generation (b) Image after

noise removal

Fig.7 Noise removal

Fig.8 Posture detection

Fig.9 Images used for training and testing
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Fig.10 Result of object detection
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Enlarged image

Enlarged image

Fig.11 Posture detection result
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Table 1 Test result of tip coordinate acquisition

3x 3 [pixel] | 5% 5 [pixel]
Success[sheets] 48 75
Failure[sheets] 35 8
Success rate[%] 57.8 90.4
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Fig.12 Images that could not be detected correctly
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