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Research on the throat swab robot sampling system based on depth camera
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Abstract; The pandemic of respiratory infectious diseases has had a tremendous impact on all aspects of human society. The
development of throat swab sampling robots is an important means to prevent large—scale outbreaks of respiratory infectious diseases
and to liberate productivity. This paper proposes a throat swab sampling system based on a depth camera. First, we built a robotic
arm cooperative platform based on the Mujoco simulation platform. Within this simulation platform, we constructed a vision
detection system to accurately capture the positional information of the mouth, proposing two visual optimization algorithms. The
first is an anti—shake algorithm based on keypoint detection, which uses differential filtering of frame—by—frame information to
overcome jitter problems caused by noise and interference during the estimation of the mouth’s pose. The second is a non-rigid
normal estimation algorithm, which integrates facial keypoint information with prior 3D facial data to perform Perspective—n—Point
(PnP) estimation of facial normals. Finally, based on the robust keypoint and pose information obtained, we completed the mapping
of sampling information, providing conditions for the subsequent throat swab sampling robot to use the robotic arm efficiently and
safely to complete the sampling task. Experiments show that the proposed vision detection system can accurately and stably complete
the mechanical arm sampling task. It effectively eliminates jitter while ensuring real —time detection accuracy and exhibits higher
robustness and stability in unconstrained environments.
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Fig. 1 Overall process of the robotic arm sampling system
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Fig. 6 Dynamic response curve of the spatial position of the robotic arm throat swab and the sampling point

4 LHERIE

AT — U R R A R G, R4 X
REERGH A MBR T — RISk, |
7, 2T Mujoco i V- 15 T — B 52 B PR
PIMERESR , sHeoh, ) B b A o0 S B st B 52k
A T A 53 A e 288 8 A T S B A, AT
LEA R HINLEE S AR =2 = fn, B
e 0 T ok A s 7 B R 5 R/ N el S
B BN L BRI ] XA A A AT A
AT BN RO 23405 B AHUWUE B4 ] R 4t , 58 UR
AREEFLRE . PEH A5 A, A SO PR L £ 1 £

TR A RTAR T AT DA SR B AR AR RE B T R
A R A AR E M, T LAGE AU A5 Ak
(158 U R A

(1] T4, Wi AT, 55, S0P IYGE 15 Y 55 2 1 Wl 7 5
AR HEMARIT [ T]. BRI, 2021,37(5) :1175-1178.

[2] EkAE, 2R, NEER, 55, BT SMIE 4387 ik ity M IR 3 7% G e
WRERE B S BT [ 1], B4 B %R, 2020,20(11) ¢
823-827.

[3] LI S Q,GUO W L, LIU H, et al. Clinical application of an
intelligent oropharyngeal swab robot; Implication for the COVID-
19 pandemic [ J]. European Respiratory Journal, 2020,56 (2):
2001912.



18 OB it B

L5 B A

14 3%

(4] ZEWUE BRoik SR e, 55, Tk T 465 BUBM 22 190 245 1)t MR A4 I 4 T
REEPLES ALY ], IFEAL AR S A ,2022,58(15) :324-329.

[5] WANG A, CHEN H, LIN Z, et al. Repvit; Revisiting mobile cnn
from vit perspective[ J]. arXiv preprint arXiv:2307.09283, 2023.

[6] WryeTe. He T I8 45 BURN 28 10 2% 1 N IR R ik o 1 T 19 BF 5%
[D]. EIT:E1K4:,2017.

[7] ZEPHBH. BETIREE 2 S B AR OCHE SR IS AT [ D], R
PR 2021,

[8] SUN Y, WANG X, TANG X. Deep convolutional network
cascade for facial point detection [ C ]//Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition . IEEE,
2013, 3476-3483.

[9] BULAT A, TZIMIROPOLOS G. How far are we from solving the
2D and 3D face alignment problem? (and a dataset of 230.000 3D
facial landmarks ) [ C ]//Proceedings of the 2017 IEEE
International Conference on Computer. Vision: ICCV2017.Venice,
Italy; IEEE,2017.745-1479.

[10] DONG X, YAN Y, OUYANG W, et al. Style aggregated
network for facial landmark detection [ C ]//Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition.
2018:379-388.

[11] XU Y, YAN W, YANG G, et al. CenterFace; Joint face
detection and alignment using face as point [ J ]. Scientific
Programming, 2020:1-8.DOI;10.1155/2020/7845384

[12]GUO X, LI S, YU J,et al. PFLD: A practical facial landmark
detector[ J . arXiv preprint arXiv;1902.10859, 2019.

[ 13 ] LEPETIT V, MORENO - NOGUER F, FUA P. EPnP: An

accurate solution to the PnP Problem[ J]. Interantional Journal of
Computer Vision, 2009,81.:155-166.

[14] WANG J, MA Z. Sparse tensor — based point cloud attribute
compression [ C ]//Proceedings of 2022 IEEE 5" International
Conference on Multimedia Information Processing and Retrieval
(MIPR). IEEE, 2022 59-64.

[15] SHLENS J. A tutorial on principal component analysis [ J]. arXiv
preprint arXiv; 1404.1100, 2014.

[16] EFW. HENLG AP RS REMELR S T EH B 5
[D]. Fat: B AR R, 2019.

[17]MARKS A, ZHU M L, et al. MobileNetV2: Inverted residuals
and linear bottlenecks [ C |//Proceedings of 2018 IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR).
IEEE, 2018:4510-4520.

[18]TANG Y, JIANG Z, XIE Z,et al. Breaking shortcut; Exploring
fully convolutional cycle — consistency for video correspondence
learning[ J]. arXiv preprint arXiv:2105.05838, 2021.

[ 19] TRIGEORGIS G, SNAPE P, NICOLAOU M A, et al. Mnemonic
descent method: A recurrent process applied for end—to—end face
alignment [ C ]//Proceedings of 29" IEEE Conference on
Computer Vision and Pattern Recognition. IEEE, 2016; 4177 -
4187.

[20] TODOROV E. Convex and analytically —invertible dynamics with
contacts and constraints; Theory and implementation in MuJoCo
[ C]//Proceedings of IEEE International Conference on Robotics
and Automation. IEEE, 2014 .6054-6061.



