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Abstract: This project involves the field of novel coronavirus epidemic prevention and 

control. At present, most of the epidemic prevention tests are completed manually or 

must be participated manually, which is inefficient and sometimes leads to congestion 

and gathering of people, which is not conducive to epidemic prevention and control. 

Therefore, the idea of designing a multi-functional epidemic prevention robot is put 

forward. This paper has carried on the analysis to the robot function, Then, according 

to the function, the sensors carried by the robot are selected, and the position of the 

sensors and the three-dimensional model of the robot are designed. After that, the 

key component of the robot, the screw scissor lifting mechanism, is checked by 

mechanical calculation. Finally, a multi-functional robot structure that can carry 

multiple sensors is designed. It lays the foundation for the further design of the control 

system. The robot can be used not only for fixed-point epidemic prevention and control, 

but also for autonomous movement and real-time disinfection of the environment, so 

as to achieve intelligent and efficient epidemic prevention and control. 
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1. Introduction 

Since the outbreak of the epidemic, wearing masks, less contact and less gathering 

have become an indispensable part of people's daily life. In order to reduce contact, 

robots have become an important member in the fight against the epidemic. At 

present, most of the epidemic prevention and control robots on the market work 

indoors, while the epidemic prevention and control at the entrance is mostly done 

manually.This method is inefficient when there are a large number of people, and 

sometimes it can lead to congestion and gathering, which is not conducive to epidemic 

prevention and control. At present, epidemic prevention and control robots can be 

roughly divided into the following categories: disinfection robots, thermometry robots, 
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logistics robots, and intelligent guidance robots, as shown in Fig 1 ~ Fig 4. 

 

Fig 1 Disinfection Sterilization Robot 

 

Fig 2 Thermometry Robot 

 

Fig 3 Logistics Robot 

 

Fig 4 Intelligent Guidance Robot 

Considering the robot mentioned above, it has the following disadvantages: 1. Single 

function; The scope of application and the realization of related functions are limited. 

2. The price is expensive. Ordinary small enterprises can hardly afford the cost. 3. The 

control system is more complex. Accordingly, a robot with disinfection and 

thermometry functions is designed.The sensors needed by the robot to realize the 

relevant functions are selected, the moving mode of the robot is selected according 
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to the characteristics of the robot, and the mechanical calculation and verification are 

carried out on the key component of the robot--the lead screw scissor lifting 

mechanism. 

 

2. Introduction to Robot Functions 

At present, almost all the entrances of major public places in China have staffs or 

volunteers to check the temperature and health code of visitors and disinfect their 

hands. Although some robots are on the market, their functions are not very 

comprehensive. In this paper, a multi-functional epidemic prevention and control robot 

is proposed.The robot has the functions of infrared thermometry, checking health 

information such as health code and travel code, and disinfecting the hands of visitors. 

When the visitor's body temperature is abnormal and the health information is not 

qualified, the robot will also send out an alarm. In addition, the robot also has the 

functions of air disinfection, autonomous navigation and obstacle avoidance.The robot 

is equipped with a display screen that can display the visitor's health information and 

the remaining amount of disinfectant. 

The robot has a wide range of application scenarios and can be used in almost all 

public places. The robot can disinfect indoor air before public places are not open. 

After opening, they can move to the door independently to check the health 

information of visitors and disinfect their hands. This can not only reduce the contact 

and gathering of people, but also reduce the risk of personal infection.At the same 

time, the real-time environmental disinfection of the robot can curb the deterioration 

of air quality and provide a safe air environment for visitors and staffs. 

 

3. Introduction to Robot Sensors 

3.1 MLX90614 infrared thermometry sensor 

The MLX90614 is a contactless infrared temperature sensing chip that combines an 

infrared thermopile sensor with a custom signal conditioning chip in the same TO-39 

package. The MLX90614 uses an advanced low noise amplifier, a 17-bit ADC, and 

powerful DSP components in the signal conditioning chip to achieve high precision 

temperature measurement. Its pin package and function are shown in the following 

fig 5: 

 

Fig 5 MLX90614 Sensor 
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The MLX90614 infrared thermometry sensor detects the surface temperature of an 

object by detecting the magnitude and wavelength distribution of the infrared 

radiation energy of the object. Infrared thermometry does not contact with the 

measured object, does not affect the temperature field of the measured object, and 

has the characteristics of high resolution, fast response, good stability and the like. 

3.2 URG-04L X-UG01 laser radar 

URG-04LX-UG01 laser radar product has 4m, 240  measurement range, DC5V input 

(USB interface power supply), 100ms scanning time, and can be used for robot 

obstacle avoidance and position recognition; The design of high precision, high 

resolution and wide field of view provides autonomous navigation robot with good 

environment recognition ability. Compact design saves installation space, low weight 

and low power consumption; It is not affected by strong light and can work with non-

contact measurement in the dark. As shown in fig 6. 

 

Fig 6 URG-04LX-UG01 Laser Radar 

 

3.3 Sensor placement design 

 

Fig 7 Placement of Robot Base Sensor 

 

Fig 8 Placement of Thermometry Sensor 
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4. Robot Structure Design 

4.1 Determination of moving mode 

According to the characteristics of the moving mechanism of the robot, the moving 

modes usually adopted are frame type, foot type, wheel type and crawler type. The 

frame robot has high flexibility in two-dimensional omni-directional movement and 

strong obstacle-crossing ability. The wheeled robot can cross higher obstacles,A 

common method is to adopt a passive suspension mechanism or a multi-section 

vehicle body to increase the degree of freedom of the robot, 

It adjusts its posture according to the change of terrain, but the friction with the 

contact surface is small, and it is easy to slip or fall off. The foot robot is characterized 

by good flexibility and can adapt to complex walking surfaces, but it is difficult to move 

and has a high degree of automation control in the walking process. Tracked robots 

are characterized by good obstacle-crossing performance and can cross obstacles such 

as stairs and trenches.The friction force with the contact surface is large, but its energy 

consumption is huge, and it is not easy to detect when the track slides, so it is difficult 

to locate itself and the volume and weight are large. 

According to the function of the robot proposed in this paper, the wheeled mobile 

mode is selected, which has higher moving speed and runs more smoothly than other 

modes, and is conducive to indoor air disinfection and switching between fixed-point 

detection and indoor disinfection modes. 

4.2.1 3D structure diagram of the robot 

Fig 9 is a three-dimensional structural diagram of the robot air disinfection device 

when it is raised 

 

Fig 9 3D Structure Diagram of Robot 

4.2.2 Lead screw scissor lifting mechanism and its dynamic analysis 

The air disinfection spraying device of the robot is connected with a scissors-type 

lifting structure. Because that robot is in a fixed-point, health information detection 

state and the air disinfection spray device is in an idle state at the moment, when the 

robot is in an indoor air disinfection work state, the structure is lifted from the robot 

body to carry out air disinfection work;The structure is retracted into the body of the 

robot when the robot is in a site-specific health information test. The aim is to reduce 
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the probability of damage to the device to extend its useful life. A three-dimensional 

model of the structure is shown in Fig 10. When the air disinfection device of the robot 

is retracted in the body, its structure is  shown in Fig 11. 

 

Fig 10 Lead Screw Scissor Lifting Mechanism 

 

Fig 11 Robot Retracting Air Sanitizer 

The dynamic analysis model of the scissors-type lead screw lifting mechanism is shown 

in Fig 12. The whole scissor mechanism is a balance object, the load force and the 

screw rod thrust are active forces, and the hinge constraint is an ideal constraint. 

According to the principle of virtual displacement, the sum of the virtual work done by 

the active force acting on the system of particles in any displacement is equal to zero:  

∑(Xiδχi＋Yiδyi＋Ziδzi)=0                                  (1) 

Where: 

 Xi, Yi, Zi—active force acting on particle system mi 

The projection of the force Fi on the rectangular coordinate axes. As can be seen from 

Fig 11. 

-Pδwy+Fδsx=0                                             (2) 

For the action point W of the load force P, the coordinate in the y direction can be 

known from the analysis in Fig 12:  

Wy= = 2L𝒔𝒊𝒏 𝜶                                             (3) 

Where: L-center distance of pin holes at both ends of scissor arm. 

α-angle between the shear fork rod and the horizontal plane when he shear fork 

mechanism is at the lowest position. 
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Fig 12 Structure Diagram of Scissor-type Lead-screw Lifting Platform 

 

Through the variational operation, we get:  

δwy= 2L sinα                                                    (4) 

For the lead screw thrust F, if the screw is removed, the lead screw thrust acts on the 

pin shaft of point S, and the coordinates of point S can be analyzed as shown in Fig 

12: 

 Sx=(
𝑳

𝟐
+b) 𝒄𝒐𝒔 𝜶+a𝒄𝒐𝒔 𝜽                                          (5) 

Where, θ is the included angle between the screw rod brace and the horizontal plane 

when the scissor mechanism is at the lowest position.   

Let a be the distance from the strut to the nut and b be the distance from the end of 

the strut to the cross hole of the two scissor forks, then when the sum of a and b is 

known,  𝒔𝒊𝒏 𝜽=
𝒃

𝒂
𝒔𝒊𝒏 𝜶, then: 

𝒄𝒐𝒔 𝜽=√𝟏 −
𝒃 𝟐

𝒂 𝟐
𝒔𝒊𝒏 𝟐 𝜶                                          (6) 

Therefore,  

Sx=(
𝑳

𝟐
+ 𝒃) 𝒄𝒐𝒔 𝜶 + √𝒂𝟐 − 𝒃𝟐 𝒔𝒊𝒏  𝟐𝜶                         (7) 

After the variational operation, we get: 

δsx=[−（
𝑳

𝟐
+ 𝒃) 𝒔𝒊𝒏 𝜶 −

𝒃𝟐 𝒔𝒊𝒏 𝜶 𝒄𝒐𝒔 𝜶

√𝒂𝟐−𝒃𝟐 𝒔𝒊𝒏 𝟐 𝜶
]δα                                (8) 

Substituting δwy and δsx into formula (2), we can get: 

  F=
𝟐𝑳𝑷 𝒄𝒐𝒔 𝜶

−(
𝑳

𝟐
+𝒃) 𝒔𝒊𝒏 𝜶−

𝒃𝟐 𝒔𝒊𝒏 𝜶 𝒄𝒐𝒔𝜶

√𝒂𝟐−𝒃𝟐 𝒔𝒊𝒏 𝟐 𝜶

                                             (9) 

Formula (4) is the relationship between the screw thrust F and the load force P. If the 

load force P is determined, when the length L of the scissor bar, the distance a between 

the stay bar and the nut, the distance b between the end of the stay bar and the two 

scissor cross holes, and the included angle α between the scissor bar and a horizontal 

plane are known, the screw thrust can be obtained from Formula (9). 

 

5. Analysis of Shear Force of Lead Screw Shear Fork Mechanism  

5.1 Force analysis of the whole mechanism 

The scissor mechanism is composed of two sets of scissor bars.For the convenience 
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of analysis, the lead screw scissor mechanism can be simplified into a two-dimensional 

plane mechanism, and only the front set of scissor mechanisms is analyzed.At this 

time, the lead screw thrust is taken as half, and the stay bar directly acts on the scissor 

bar. According to the analysis of Fig 13, the load force is decomposed into the force 

acting on each branch. 

 

Fig 13 Force Analysis of The Whole Lead Screw Scissor Mechanism 

thus: 

 F1=F2=F5=P6=
𝑷

𝟒
                                               (10)  

The thrust of the strut is: 

 F’=F’’=
𝟏

𝟒
F𝒄𝒐𝒔 𝜽                                                       (11) 

The horizontal reaction forces P1 and P2, of the scissor bar and the hinge point M and 

point A of the upper and lower tables can be balanced by the horizontal force of the 

whole machine:  

P1+ P2=0.5F                                               (12) 

 

5.2 Force analysis of each rod 

According to the data, when the initial angle α of the scissor bar is the smallest, the 

thrust F of the screw rod is the largest. 

 

Fig 14 Stress Analysis Diagram of Each Shear Bar 

 

The force analysis of each scissor bar is shown in Fig 14. Because each rod is in 

equilibrium, the resultant force and moment are zero. Through the force analysis of 

each rod, the equilibrium equations of force and moment can be obtained as follows: 

Force analysis of rod NC: 

∑Fx=0:-K2+K5=0                                       (13) 

∑Fy=0:-K1+K6-F2=0                                                (14) 

∑MU=0:K5
𝑳

𝟐
𝒔𝒊𝒏 𝜶-K6

𝑳

𝟐
𝒄𝒐𝒔 𝜶-F2

𝑳

𝟐
𝒄𝒐𝒔 𝜶=0                                  (15) 

∑MD=0:-K1
𝑳

𝟐
𝒄𝒐𝒔 𝜶+K2

𝑳

𝟐
𝒔𝒊𝒏 𝜶-F2L𝒄𝒐𝒔 𝜶=0                               (16) 
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Force analysis of rod DA: 

∑Fx=0:K3-K8+P2-F’𝐜𝐨𝐬 𝜽=0                                          (17) 

∑Fy=0:-K4-K7+F3+F’𝒔𝒊𝒏 𝜽=0                                            (18) 

∑MV=0:-K3
𝐿

2
𝒔𝒊𝒏 𝜶-K4

𝐿

2
𝒄𝒐𝒔 𝜶-F3

𝐿

2
𝒄𝒐𝒔 𝜶+P2                                         (19) 

𝐿

2
𝒔𝒊𝒏 𝜶+F’b𝒔𝒊𝒏( 𝜶+θ)=0                                              (20) 

Force analysis of rod CB: 

∑Fx=0:-K5+K8-F’𝒄𝒐𝒔 𝜽 =0                                              (21) 

∑Fy=0:-K6+K7+F4-F’𝐬𝐢𝐧 𝛉 =0                                             (22) 

By  solving  equations (13) - (22) simultaneously , the reaction force of each branch 

can be obtained. 

 

6. Concluding 

1. This paper proposes a method which can be used not only for indoor air disinfection 

in crowded public places, but also for fixed-point health information inspection at the 

entrance and hand disinfection of visitors, which can not only reduce personnel contact 

and gathering, reduce the risk of personal infection, but also improve the efficiency of 

health inspection to the greatest extent.The real-time environmental disinfection of 

the robot has curbed the deterioration of air quality and provided a safe air 

environment for visitors and staff. 

2. The air sterilize device adopts a scissor type lead screw 

And that lif mechanism can lift the scissor mechanism through a stay rod arranged on 

the nut, and has the advantage of simple structure and convenient use and debugging. 

At the minimum starting angle of the scissor bar, the screw rod thrust is the largest, 

while the force of the bottom scissor bar is the largest. At this time, the screw rod 

thrust is mainly determined by the installation position of the support bar. By analyzing 

the structure of the whole machine and the size of specific parts,The optimal design 

is used to derive the installation position of the stay bar for the minimum screw thrust. 
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