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System Calibration and Probe Pose Optimization for Robotic-Arm-Assisted Optical
Coherence Tomography

WU Chuanchao', ZHANG Zhixiang', SU Hongjin?, ZHANG Jiaying', XUE Peng®

(1. School of Information and Communication Engineering, North University of China, Taiyuan 030051, China; 2. School of
Software, North University of China, Taiyuan 030051, China;3. School of Electrical and Control Engineering, North University of
China, Taiyuan 030051, China)

Abstract: Aiming at challenges encountered during traditional handheld scanning, such as difficulty in
aligning the robotic-assisted optical coherence tomography (OCT) probe with the target, inaccurate probe
posture, and hand tremors of the operator, this article presents a study on high-precision localization and
flexible posture adjustment of the OCT probe to meet dynamic imaging requirements in surgical
procedures. To improve the localization accuracy and achieve the posture adjustment, we propose a method
for system calibration and OCT probe pose optimization, ensuring that the probe is positioned in the
optimal imaging posture. Firstly, the system calibration is implemented with the corresponding pixel
domain to spatial domain conversion coefficients and Tsai-Lenz method. The pose optimization of the OCT

probe can be optimized with image processing. The Laplacian random walk algorithm is used to obtain the
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skin phantom surface contour, thus calculating the normal vector of the skin phantom surface. Meanwhile,
the contour of vessel phantom is segmented with the convolutional neural network method. The radius
vector of vessel phantom is obtained with the segmented results. There are two vectors that determine the
attitude of the probe, in which V, and V. denote the unit vectors parallel to the optical axis and the B-scan
direction, respectively. When the OCT probe is in the optimal imaging pose, V/, should be parallel to p
and V. should be parallel to &. Using a robotic-assisted OCT imaging system to image vascular and skin
phantoms, 20 repeated experiments are conducted. The positioning error of the probe in the X-Y plane is
+0.21 mm, and the positioning error in the Z direction is ==0.33 mm. The system offers advantages such
as multi-degree-of-freedom, high imaging accuracy, and good stability, and can assist doctors in
quantitatively assessing the condition of blood vessels.

Key words: system calibration; pose optimization; optical coherence tomography (OCT); robotic arm
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Fig.3 Flow chart of imaging pose optimization for robotic arm-assisted Doppler OCT probe
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Fig.4 Roboticrarm-assisted Doppler OCT imaging system
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Fig.5 Three views of the imaging of plastic tubes by the robot arm-assisted Doppler OCT probe
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(a) Surface projection map of the chessboard intersection points (b) Error distribution map
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Fig.6 Surface projection map of the chessboard intersection points and the error distribution map after ten measure-

ments
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(a) A checkerboard used for calibration (b) Image obtained from the

built-in camera when the  (c) OCT images of checkboard

OCT probe is aligned with the intersection point
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(d) Positions of red intersection points in Fig.7(a)
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Fig.7 Absolute positioning accuracy of the robotic arm-assisted OCT imaging system
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(b) Side view of a single frame (c) Main view of a single frame (d) Top view of a single frame
image after segmentation image after segmentation image after segmentation

(e) Front view of vessel phantom 3D (f) Isotropic view of vessel phantom 3D (g) Top view of vessel phantom 3D
reconstruction before probe posture reconstruction before probe posture reconstruction before probe posture
optimization optimization optimization
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Fig.9 OCT segmentation and 3D reconstruction of the initial imaging location
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(a) Phantom OCT intensity map (b) Side view of a single frame (c) Main view of a single frame (d) Top view of a single frame
image after segmentation image after segmentation image after segmentation

(e) Front view of vessel phantom 3D (f) Isotropic view of vessel phantom 3D (g) Top view of vessel phantom 3D
reconstruction after probe posture reconstruction after probe posture reconstruction after probe posture
optimization optimization optimization
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Fig.10 OCT segmentation and 3D reconstruction of the optimal imaging location
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