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Design of automatic nucleic acid sampling system based on Raspberry PI robotic arm
WANG Ziming', SUN Yongyu’, ZHENG Zhikang’, LE Yang’

(1 School of Integrated Circuit Science and Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210000,
China; 2 School of Computer Science, NJUPT, Nanjing University of Posts and Telecommunications, Nanjing 210000, China;
3 School of Geographic and Biologic Information, Nanjing University of Posts and Telecommunications, Nanjing 210000, China)

Abstract: In response to the recent need for epidemic prevention, various robots have rapidly developed. Traditional epidemic
prevention and control robots mainly perform tasks such as nursing in isolation wards and delivering medical supplies, with less focus
on collecting nucleic acid samples from patients. This paper designs an intelligent throat swab sampling robot system based on
Raspberry Pi to address this gap. The system integrates functions including nucleic acid sampling, data uploading, and facial
recognition. During nucleic acid sampling, the robotic arm first measures distances using binocular cameras, then employs a deep
learning model trained for facial and oral recognition. After obtaining the three—dimensional coordinates of the oral cavity, the robotic
arm uses kinematic inverse solutions to derive the end—effector trajectory for automated nucleic acid sampling. Compared to existing
epidemic prevention and control robots, this system fills the gap in nucleic acid sampling, offering efficiency, intelligence,
convenience, and flexibility. Experimental tests demonstrate that the designed nucleic acid sampling robot can accurately locate the oral
cavity, obtain throat swabs, perform nucleic acid sampling from oral swabs, and handle swab retrieval and placement. The system
achieves an accuracy of over 85% in target detection, accurately identifying faces in different positions and lighting conditions.
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Fig. 1 System hardware diagram
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Fig. 2 Schematic diagram of nucleic acid sampling process
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Fig. 3 Schematic diagram of binocular ranging

K3 M ORI — 53, 0,,0, ZXHFPLHY P

AL K FIBUBAG - T 280 e e 5k Wi T )

M AEPI RSk E B UR 53 PRLP f AR

B, B N WAHPLOEE, Z RS R, B P B P Y
WiE D, A1)

D =B~ (X; -X;) (1)

T AMPP' «~ AMO,0,, iRt (2):

B - (XR _XT) _Z—f

2 7 (2)
i (2) g (3) .
_f*B
Z_XR—XT (3)

Forp B f PR ASCL R B B A] i A BLBR
SEAGH R FU 3 5 R 22 RIS B 22 M RIT SR Y
M RERE R

XCH DU PR AR 5] 4 BT

T
AL
XL B TE
XL P

£

B4 WENEREER

Fig. 4 Binocular distance measurement process diagram
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Fig. 6 Left and right camera original images captured
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Fig. 8 Comparison schematic of grayscale image and actual image
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Fig. 9 Comparison between depth map and actual image
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Fig. 10 Confusion matrix of a neural network model
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Fig. 14 Schematic diagram of robotic arm sampling process
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Fig. 15 Schematic diagram of robotic arm’ s Denavit—Hartenberg
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Fig. 18 Graph of joint angular velocity changes in the robotic arm
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Fig. 19 Variation of joint angular acceleration in the robotic arm
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