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Abstract: To control the spread of COVID-19, it is important to identify the infection in its incipient
stages so that the infected persons can be dealt with accordingly. The currently used face to face
sampling method may increase the risk of infection for medical professionals as it exposes them to the
asymptomatic yet infectious patients. This can result in further increases in the load on the medical
system and workload of the medical staff. As a solution to this problem, in this paper, we present a
robotic system for rapid non-face-to-face automatic nasopharyngeal swab sample collection. The
system consists of a custom designed 7-DoF manipulator equipped with a specially developed safety
mechanism for restricting the maximum force applied by the tip of the swab. During the swab
sampling process, the force applied by the tip of the swab is continuously monitored in real-time by a
3-axis force sensor in order to detect contact with the nasopharynx. The possibility of using this system
for automaticnasopharyngeal swab sample collection is proven through experimentation with a

phantom model.

Keywords: Automatic Swab Sampling Robot, Nasal Sampling, Quarantine Robot, COVID-19

1. Introduction
20193 & FELH97E 2HAEE 5 ok 31 o] AJ7to] A%k
F2H9 Z7]|9E 3% AHES 2= dE} vlo]g 27} -
A& o2 ke o] 72 A AIA o= W SIxpel AP AE T
AAIZIEE dAll= Qn| 2] WolQl A8l O IE BA2

Received : Nov. 22. 2022; Revised : Dec. 30. 2022; Accepted : Jan. 15. 2023

% This work was supported in part by the Korea Institute of Science
and Technology Institutional Program under Grant KIST 2E31561,
and by the Korea Advanced Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of
Science and ICT (2020M3H8A1115027)

1. MS Student, KIST, Seoul, Korea ([jp920615, msbc7085, 122008@
kist.re.kr)

2. Student Researcher, KIST, Seoul, Korea (sangdo322@kist.re.kr)

3. BS Student, Division of Robotics, Kwangwoon University, Seoul, Korea
(Ihs03057@naver.com)

4. Associate Professor, Koreatech, Cheonan, Korea (yongjae@koreatech.ac.kr)

5. Professor, School of Mechanical Engineering, Korea University, Seoul,
Korea (drsspark@korea.ac.kr)

+ Senior Researcher, Corresponding author: Center for Intelligent &
Interactive Robotics, KIST, Seoul, Korea (jwlee@kist.re.kr)

Copyright©KROS

7P AT U APES 0.1% TR fhaglon) o9

& 22 AP o ® Sfjel A= o7 2 8l ek W o]
*U SR skaL glvk s L9 ke o] thaEs <l
olHw2 o A dutelth HASEAle] 40~50%7F 57
glo] Hiole| AE M ukeh o= glom, 2] A9k Akl 2] 50% ©]
ol /g A71e T T AL W s ek L2199 -3
el S ffelir = Fod Aol tiek A& oo a9l
A AF oF Ao 5 s,

A s2LH9 AR HIQlF = A AR E S 3 7
A5 ZAXHRT-PCR)EH 2 4145 3H9] ZAAH Antigen) <
ool A AL QAT Al @ A A AR
7FA o] AL Aap7h ke U2tk A Rlo] QAN 5
& Sl e st ul- Sl eh ks o] e,
3L gA At SJellA] AA AHE T 7T =Y
thH] sl A A AFHE sk v e 51
ASZ AL W7} 15% o) 370 YRt A

of whek, 573 RS AR el A Hstar At 913
A AHF o nQlT i FHASE S ARS

—

xe)

of

[

= (g

=~ m do
RS>

_0|L
ol
ﬂF


https://crossmark.crossref.org/dialog/?doi=10.7746/jkros.2023.18.2.164&domain=https://jkros.org/&uri_scheme=http:&cm_version=v1.5

.
15
N
b
B
2
3:
09:“4

ah= sh9 Ak o) 8xlo]
eagel) el 20 2131 F 9124
Ah] o whgolu} 714 Foll <l ulolz)27) ol Kol /)
A= hsAdol A EAET o8 ] 93l B2 3
A A ok on] B2 vk, w1, gk EEke o
¥ D /1 BETE Q13 Heala A AR E S48 5
Ank olz7le] RETE Agshn g al A YT RE
7} 443 %7}54% A7} B 1E Q) 0wl 7H°1% HE

el W1 A el
A

&)

F o ponr
i o, ol

=

£

7‘%5}7] Al AA7HA o] A7l A tet
274 tid o= Qlal] wheh 4= 9l Qb I
F3E s dstr] Qg Abs A 25 AT X183
=7 AT oA = Safel el H g7l A mhE
-EHo| B A2=RLE Egate] 94 A AFHE AL T 3
A 2RSS A ATl A= A
& 2 URS ZA| dl=o] A & 2tato] 7|9 541+
S A AHE A o2 Fashs 2SRl |
w}=1.9] Lifeline 21 €] ALl A &= 73] v U &2 o€ & 53]
A AFE g 5 Aee] A4 A7 AFs 0w st
= A 235 LS RSP o] 47 there] 7]
Vol =9 ZAL A | 5x1e] 2] v o= Qg A
HE 7] Sl 2R 7ss 283 EFAE JhTiARE,
A4 22} A] hand-eye coordination®] 4|2 7|EH T} HA|
S7keb= A, 7T B A AEH A S
O] A, AF 8 RS E8 A Bl S o] 891
AA| o) g @7 uiA| 7} A gho] A= ol g

o rﬁ’ﬂe&
:

N,

-lﬂgg

£

4

:é

tE o B
PO Sl
>

N

N

2

3@

2 o

Lo omd oy m A

X,
-ﬁ B
olrt

il
o Mo

N

°ﬂf\i~ ole] gt A E sAst| 91k 2487 74
I AA vy &g old MAUSE Adgeh A
H ojr]ollu} At 9ol &v 83 5 IS T
F 372, 104155 704 ARJA7HH] &8 715351
o)5xlo] QP # - HskE =<1#t BAld
Ao A 2] L& o) 112} 51T Aty 25

Me] 7dk A A 2F DS E3) A= AA 7F

)
FFU =

18

TE

ol
olf

=4

ménﬁgn)‘i
RN
SRR
e
L o

of W mx o pE
o,
o
OIN
)
ol

32

)

i O}Eﬂg} o] AT 2780l A 2E A AF
Yalr] A vy Eefolel o] 2hs g} Af1eo] a7
13z, o] & REAI717] 918k vkt Al v &
19] WlAYZ] sl 714511tk 35l A= fie md
S oo & A AF AFE st At A vid

5 5o 7 A A AR 7Fs S AFEkIch 4
FollA= 223t §7 5 3E Al tishA] 71Esisich

>
ETS Iy r I'E
1
%zf'

=
o
[

A B A A A 25 wAUSE i 165

7 DOF Swab

Manipulator

Unit I

[Fig. 1] Proposed Autonomous Swab sampling Robot Prototype
(RapidSwab)

[Table 1] Swab sampling robot Specification

Weight |13 kg (Including industrial SBC)

Dimensions [355 mm % 410 mm X 545 mm

7 DOF (x-y-z-6, tilt RCM rotation,

DOF  |Manipulat Lo .
anipuiator swab inserion&rotation)

3-axis NasopharynxTouch Detection

Sensing - Range : 10 N, Resolution: 0.0004 N

Direct Driven, actuated by

ballscrews and BLDC Motors (x-y-z, swab insertion
Actuation |manipulation)

Cable Driven, actuated by Timing Belt and BLDC
Motors (RCM, swab rotation)

Electronics [DC 24V, MAXON EPOS4 24/5 EtherCAT 3-axes x 4

2. Design and Implementation of the Robot
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[Fig. 2] Swab sampling motion of medical staff, Three DoF for
x-y-z positioning and Three DoF for Swab sampling are required

(a) Length from the tip of the

nose to the tip of the chin (b) Nose width

(c) Length from under the nose  (d) Length from the root of the
to the tip of the chin nose to the root of the ear

[Fig. 3] Measurement section of the human head

[Table 2] The size of the human head, age from 10 to 70 in Korea "

The 1st |  99th

(mm) Mean | Min |Max . .
percentile[percentile

Horizontal length from the tip
of the nose to the tip of the chin| 291 1157 4 57
Nose width 37.52| 24 | 57 30 48

Vertical length from under the|
nose to the tip of the chin 6073 41 | 88 | 46.13 80

Length from the root of the

nose to the root of the ear 7896) 52 | 117| 57 105
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2.2 Multi-DoF Swab Sampling Mechanism
[Fig. 4= 2. 1804 &3 25-0] Q PARLS: 118}

RCM Mechanism

. Force sensor integrated
. End effector

4-axis stage

[Fig. 4] 7-DoF Swab Sampling manipulator



[Fig. 5] Swab sampling robot joints axis

[Table 3] Swab sampling robot DH parameter

Joint a (mm) a (degree) | d(mm) | © (degree)

1 73 90 di 0

2 -90 d2-22.5 -90

3 0 104 ®3

4 19 90 d4+90 90

5 -90 98.5 ®5+90
6 0 de 0

7 0 0 0 e7
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[Fig. 6] 3-DoF manipulator for swab sampling motion, (a) RCM
(Remote Center of Motion) mechanism makes the end of the swab
center of rotation. It is similar to the movement of the wrist of
medical staff. The end-effector combined with RCM mechaism
conducts the 2-DoFmotion of swab insertion and rotation, and
includes the 3-axis force sensor and the special safety mechanism
to absorb disturbance force generated by robots or humans, (b)
The driving principle of the RCM mechanism
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3. Experiments and Results
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5 4)(Nasopharyngeal Swab Collection Simulator. Kyoto Kagaku
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[Fig. 8] Experiment environment setting
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[Fig. 9] (a) The Nasopharyngeal Swab Collection Simulator,
by using ink pad at the end of the nasal cavity model, It can be
proven whether the end of the swab touches nasopharynx
appropriately. (b) Experiment Result using Automatic
Nasopharyngeal Swab Sampling Robot, the end of the swab
have been turned the blue color after swab sampling test, and it
refers that the end of the swab touched nasopharynx properly



(a) Position Swab (b) Insertion | (c)Rotation | (d) Extraction
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[Fig. 10] Sampling force test results
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