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Abstract. Due to the novel pneumonia virus outbreak and gradual normalization,
throat swab detection has become an important means for customs entry and exit
personnel. However, the current detectionmethodsmake themedical staff exposed
to the dangerous environment for a long time, which is very easy to cause the
infection of medical staff. In view of the relative shortage of medical staff, this
paper proposes to use the teleoperation system for pharyngeal swab detection,
and puts forward the corresponding bilateral teleoperation controller. Finally, its
feasibility is verified by numerical simulations.
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1 Introduction

Nearly 300, 000 people worldwide died from complications caused by COVID-19 virus,
and more than 4.3 million cases were infected. According to data from the Asian Devel-
opment Bank (ADB), the global economic losses caused by the COVID-19 epidemic
this year may be more than doubled over the period of 5 trillion and 800 billion minus
8.8 trillion dollars. Reuters reported that the ADB’s estimate is equivalent to 6.4%9.7%
of global GDP, worse than its April forecast. The ADB estimated in April that the global
economic loss may be between $2.0 trillion and $4.1 trillion, depending on the duration
time of the anti epidemic blockade measures are implemented. This new analysis shows
novel coronavirus pneumonia (COVID-19) that may cause a very significant economic
impact. At the same time, it also highlights that policy intervention can play an important
role in helping reduce economic losses. After the health crisis caused China’s economy
to actually stagnate in the first quarter, the number of reported infection cases and deaths
in several countries and regions increased, leading to extensive travel restrictions and
home orders. The Asian Development Bank (ADB) said that the measures taken to con-
trol the spread of the epidemic may cause economic losses of US $1.7 trillion to US
$2.5 trillion in Asia and US $1.1 trillion to US $1.6 trillion in China. Travel restrictions
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and blockades could reduce global trade by $1.7 trillion to $2.6 trillion, resulting in the
unemployment of 158 million to 242 million people [1, 2].

Novel coronavirus pneumonia test reagent, currently approved by the China CDC
researcher Feng Luzhao, mainly includes two categories, one is nucleic acid detec-
tion reagent, the other is antibody detection reagent. So far, the State Food and drug
administration has approved 12 nucleic acid detection reagents and 8 antibody detection
reagents, including 5 kinds of colloidal gold method and 3 kinds of magnetic particle
chemiluminescence method. The nucleic acid detection process includes sample pro-
cessing, nucleic acid extraction, PCR detection and other steps. The average detection
time takes 23 h. Since it directly detects the viral nucleic acid in the collected samples,
it has strong specificity and relatively high sensitivity. It is the main detection method at
present. Antibody detection includes colloidal goldmethod andmagnetic particle chemi-
luminescence method. The average detection time of colloidal gold method is about 15
min. However, if the serum is used instead of whole blood, this serum treatment still
needs some time. If whole blood is used, it is about 15 min. Magnetic particle chemi-
luminescence generally takes 3060 min. Antibody detection is to detect the antibody
level in human blood. In the early stage of disease infection, there may be no antibody
in human body, so it has a detection window. Therefore, antibody detection can be used
for auxiliary diagnosis of cases with negative nucleic acid detection and screening of
cases, but it can not replace nucleic acid detection method. With the normalization and
scattered development of the epidemic situation, pharyngeal swab detection is still the
most frequently used method in countries all over the world [3, 4].

In China and many other countries in the world, pharyngeal swab detections are
heavily relying on medical staff which causes the shortage of medical staffs owing to the
close contact. In addition, it also aggravates the infection risk of medical staff although
medical staffs wear protective clothing. Therefore, in this paper, we introduce of using
teleoperation system to achieve accurate and fast pharyngeal swab test. In the pharyngeal
swab test teleoperation system, the medical staff operates the master haptic manipulator
to make the slave manipulator to lamp the cotton swab and to realize pharyngeal swab
sampling. In this case, medical staffs may located at the place far from the person to be
sampled.

The rest of the paper is organized into the following 4 sections. Section 2 analyzes
the dynamic equation of pharyngeal swab test teleoperation system. Section 3 describes
the bilateral sliding mode control method. Section 4 performs the numerical simulation
and discusses results. Conclusions are discussed in the Conclusions section.

2 Dynamic Equation of Pharyngeal Swab Test Teleoperation
System

Assuming both the master and the slave manipulators apply the same two degree of
freedom (2-DOF) manipulator with two links and three joints, the dynamic equation of
the pharyngeal swab test teleoperation system can be expressed as follows:

Mi(qi)q̈i + Ci(qi, q̇i)q̇i + Gi(qi) = τi + di, i = m, s (1)
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where, Subscribes m and s are respectively represented the master side and the slave
side. qi ∈ Rn is the rotation angle vector of three joints of both the master and the slave
manipulators. q̇i ∈ Rn and q̈i ∈ Rn are angular velocity and angular accelerations of
the master and the slave manipulators in the joint space. di ∈ Rn is the lump distur-
bances involving the model uncertainties and external disturbances and has the upper
boundedness. Mi(qi) ∈ Rn×n are the inertia matrix of the master and the slave sides.
Ci(qi, q̇i) ∈ Rn×n are the combination of centrifugal force and Coriolis force matrix of
the master and the slave sides. Gi(qi) ∈ Rn×n are the gravitational matrix of the master
and the slave sides. τi ∈ Rn are respectively torque vectors of the master and the slave
manipulators. The teleoperation dynamic equation satisfied following properties.

1. The inertia matrix Mi(qi) are symmetric and positive definite. Its norm is bounded:

Mi(qi) = Mi(qi)
T > 0 (2)

Mi(qi)min ≤ ‖Mi(qi)‖ ≤ Mi(qi)max (3)

2. Ṁi(qi) − 2Ci(qi, q̇i) are skew-symmetric matrix and it satisfies:

[
Ṁi(qi) − 2Ci(qi, q̇i)

]T = −[
Ṁi(qi) − 2Ci(qi, q̇i)

]
(4)

3. The 2-norm ofMi(qi) is bounded with an upper limit ζ and it satisfies:

∀qi ∈ Diqi,
∥∥Ṁi(qi)

∥∥ ≤ ζi (5)

3 Bilateral Teleoperation Control of Pharyngeal Swab Test
Teleoperation System

In order to get high accuracy of the pharyngeal swab test, the disturbance observer is
designed as follows.

{
żi = Li(qi)

(
Ci(qi, q̇i)q̇i + Gi(qi) − τi − τ̂di

)

τ̂di = zi + pi(q̇i)
i = m, s (6)

Li(qi) = X−1
i M−1

i (qi) i = m, s (7)

pi(qi) = X−1
i q̇i i = m, s (8)

where Xi are an invertible matrix, Mi(qi) = Mi(qi)T > 0, i = m,s.
The lumped disturbance and uncertainties is estimated by τ̂di. Then, based on the

disturbance observer, the bilateral controller is designed as follows.
Define the error as follows:

q̃i(t) = qi(t) − qdi(t) (9)
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where q̃i is tracking error and qdi are the desired trajectories ofmanipulators. Then define
the auxiliary variable qri as:

q̇ri = q̇di − �iq̃i

q̈ri = q̈di − �i ˙̃qi
(10)

where q̇di and q̈di are the velocity and acceleration of the desired trajectories respectively
and �i = diag(λ1i · · · λni), λi > 0. The control law are designed as

si = ˙̃qi + �iq̃i (11)

τi = Mi(qi)q̈ri + Ci(qi, q̇i)q̇ri + Gi(qi) − Kdisi − ηisgnsi − τ̂di (12)

where Kdi = diag(Kd1 · · ·Kdn), Kdi > 0, ηi ≥ max(|d1i|, |d2i|), and sgnsi is a symbolic
function.

Proof: Lyapunov function Vi is considered as follows

Vi = 1

2
sTi Mi(qi)si + V1i (13)

V̇i = sTi Mi(qi)ṡi + 1

2
sTi Ṁi(qi)si + V̇1i

= sTi (ui − Ci(qi, q̇i)q̇i − Gi(qi) − Mi(qi)q̈ri) + 1

2
sTi Ṁi(qi)si + V̇1i

= −sTi Kdisi − ηi‖si‖ + 1

2
sTi

(
Ṁi(qi) − 2Ci(qi, q̇i)

)
si + V̇1i From above, when V̇ ≡ 0, It

= −sTi Kdisi − ηi‖si‖ + V̇1i ≤ 0

It is easily seen that si ≡ 0, q̃i ≡ 0. Depending on the theory of LaSalle, the
teleoperation system is asymptotically stable using the above controller. As t → ∞, si
and q̃i converge exponentially to zero. That is, the teleoperation system may accomplish
accurate trajectory tracking.

4 Numerical Simulations

In numerical simulations, parameters are set as the same as [5]. The observed initial
value of the disturbance td is taken as [0, 0]. Other parameters are set as follows, ϒm =
ϒs =

[
0.5 0
0 0.6

]
, Xm = Xs =

[
0.3 0
0 0.4

]
, Kdm = Kds =

[
100 0
0 100

]
, �m = �s =

[
150 0
0 150

]
. After numerical simulations, results are illustrated as follows. Trajectory

tracking of the master and the salve side are displayed respectively in Fig. 1 and Fig. 2.
From results of numerical simulations, the teleoperation systemmay accomplish precise
trajectory tracking due to the bilateral teleoperation controller.
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Fig. 1. Trajectory tracking of the master manipulator.

Fig. 2. Trajectory tracking of the slave manipulator.
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5 Conclusion

In the paper, a teleoperation system is used to achieve accurate and fast pharyngeal swab
test avoiding the infection risk of medical staff. Both of the master and the slave side
take 2 DOF manipulators. A bilateral teleoperation controller is proposed for accurate
trajectory tracking. The stability is analyzed and numerical simulations are performed to
verify the proposed method. Results show the efficiency of the tracking performances.
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