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This research project aimed to transform a common temperature scanner stand into a 
user-friendly adjustable stand holder temperature scanner. The temperature scanner 
automatically adjusts its height according to the user's height, reducing the risk of 
contact infection by using an ultrasonic sensor to detect the user in front of the scanner. 
The experiment involved measuring the time taken for the thermometer to move from 
the starting position to the maximum height of different individuals with varying 
heights. A frame capture application on a smartphone was used to record the motion 
and time, capturing data at a rate of 33 frames per second for accuracy. The tests were 
conducted using a constant motor speed of 100 revolutions per minute. The results 
showed that the duration of waiting time for the adjustable stand holder temperature 
scanner was valid for individuals with heights ranging from 100 cm to 180 cm. The 
constructed adjustable stand successfully served its purpose and demonstrated 
functionality and reliability in real-life testing. To improve the accuracy and expand the 
capabilities of the adjustable stand holder temperature scanner, future work are 
needed such as utilizing smart system programs to cater to user preferences, 
implementing material modifications to reduce vibrations, and introducing additional 
features to indicate a person's height and weight.  
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1. Introduction 
 

Since the outbreak of the Coronavirus disease 2019 (COVID-19) in the country on January 25, 
2020, the Ministry of Health of Malaysia confirmed the first positive COVID-19 case [1,2]. Even though 
most people have been vaccinated, the virus continues to spread widely as the vaccine does not 
completely prevent all infections [2]. Today, the Ministry of Health announced that COVID-19 will be 
considered endemic, and Malaysians need to accept the fact that it will always be present in the 
community. Therefore, society must learn to live with the virus [3]. One term that has become widely 
used is the standard operating procedure (SOP). 
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The Ministry of Malaysia has announced procedures for communities to follow according to the 
SOP in order to control the spread of the disease. One of the initial SOPs announced by the 
government is the implementation of temperature scanners at all premises across the country to 
detect the main symptom, which is fever with a body temperature of 37.5 degrees Celsius or above 
[4]. This step involves measuring people's body temperature in crowded places, and any customers 
with a high temperature are not allowed to enter the premises [4]. Temperature scanners are crucial 
in reducing the spread of the infection as they can detect individuals who may be infected and 
prevent them from entering [5,6]. 

Many inventors have created various designs of temperature scanners and stands to ensure that 
all premises can utilize them. However, most stand models have a fixed height. This inspired me to 
develop the idea of an innovative temperature stand with automatic adjustable height. This project 
utilizes an infrared sensor that detects a person's presence and commands a DC motor to move the 
stand upward until the infrared sensor no longer detects the person's maximum height. The 
movement automatically stops, allowing the temperature scanner to scan the forehead. When no 
one is in front of the stand, the infrared sensor does not detect anyone and commands the DC motor 
to return to the normal position. This stand offers modern features to attract users [5,6]. 

The issue with the positioning of the temperature scanner is that it is not strategically placed due 
to the varying height levels of the community. Having a fixed height for the temperature scanner is 
not suitable, as it does not account for different heights of individuals. Mounting the temperature 
scanner on a stand also poses challenges, as the stand's height remains fixed. This impractical setup 
makes it difficult to measure the body temperature of people of different heights, especially children. 
Consequently, short or tall individuals may face difficulties in obtaining accurate thermometer 
readings due to the forehead's position not being perpendicular to the thermometer [7]. To address 
this problem, businesses and public sectors should consider alternative methods, such as using an 
infrared thermometer gun to measure the temperature of shorter or taller individuals. This may 
require hiring someone to hold the thermometer scanner and measure people's body temperature 
before they enter the premises. 

To mitigate this issue, a proactive approach is necessary to address the problem of height 
limitations with the thermometer stand. Implementing an adjustable height feature for the 
temperature stand can effectively tackle this issue. Furthermore, the automatic system used in the 
adjustable height temperature scanner ensures convenience and ease of use. By standing in front of 
the adjustable height stand, the thermometer will move upward until it reaches the person's 
forehead, where it will then scan their temperature. In summary, this invention offers an automatic 
adjustable height stand for the temperature scanner, which is user-friendly and convenient to use. 

 
1.1 Problem Position of Thermometer 
 

The problems associated with the position of the temperature scanner that are not strategic due 
to the various height levels of the community which is it is not suitable to just stick with one level of 
height. Due to the design of the temperature scanner which can be attached to the wall at one height 
only and can be mounted on stand temperature scanner. While the design and function of the stand 
temperature scanner is only to stand and hold the temperature scanner at the height set by the 
owner. 

As the decades passed, the thermometry instrument evolved into a variety of shapes, ranging 
from the bulky mercury thermometer to the digital thermometer. Researchers have been working 
on inventing and upgrading temperature sensors, particularly for monitoring core body temperature, 
until recently [6]. Electronic thermometers are a popular alternative to mercury thermometers 
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among healthcare professionals. The essential idea of their operation is based on the creation of a 
detector that can detect infrared radiation (heat energy) released by the human body. Radiation 
energy is converted into measurable temperature units using these thermometers.  

Thermometers are classified as contact or non-contact depending on whether the item of 
measurement contacts the temperature sensor or not. Contact thermometers measure temperature 
by passing heat through a metallic element to a thermocouple, a resistance temperature detector 
(RTD), or a thermistor. Alternatively referred to an infrared thermometer, a digital infrared non-
contact infrared thermometer or also called as forehead thermometer is a device that affordable and 
effective for measuring a person from a distance [7,8]. K3 IR Thermometer also a device that can 
measure body temperature with equipped a smart feature. This type of thermometer also in category 
non-contact infrared thermometer frequently used for fever screening. An intelligent temperature 
measuring machine can be installed in the main entrances of crowded places. 

Temperature Scanner with face recognition is based on the Linux system and includes application 
for face recognition and temperature measuring. Face recognition camera module with infrared 
temperature detector built-in, capable of managing staff access and detecting temperature. To check 
the person’s body temperature, he or she stands in front of the camera. There is no requirement for 
human interaction. 

The temperature scanner with stand is not practical to measure body temperature of different 
heights of people especially for children. This may lead some problems to short or tall people to scan 
their forehead temperature that will cause the thermometer’s reading not too accurate due to 
position of forehead not perpendicular with thermometer [6]. Therefore, business, and public sectors 
should have other ways to measure temperature for short or high people by using infrared 
thermometer gun temperature. Thus, this situation requires someone to be hired for holding the 
thermometer scanner to measure people’s body temperature before entering the premises. To 
prevent this problem, a proactive step must be taken to counter the problem about height for the 
thermometer stand.  

Adjustable height for temperature stand can be implemented to tackle the problem. In addition, 
the adjustable height for temperature scanner operates by using automatic system so that they can 
use the scanner without any problem. By standing in front adjustable height stand for temperature, 
the thermometer will move upward until temperature scanner stop at person’s forehead and 
temperature scanner will scan that person’s temperature. In short, this invention offers an automatic 
adjustable height stand for temperature scanner that is easy to use and convenient for users.  
 
2. Methodology  
 

An adjustable height stand for a temperature scanner was created through a mechanical and 
electrical process. The main structure of this project was built from hollow mild steel material, which 
was measured and cut using a grinder machine. All parts were assembled using metal inert gas (MIG) 
welding. Next, the complete structure was covered with spray paint to prevent rust [9]. The 
transmission of motion for the thermometer is achieved through a belt and pulley system, which is 
powered by a stepper motor. The main component for the system to move automatically is an 
ultrasonic sensor, which is placed above the thermometer. The power source for this project is AC 
current, providing a constant flow of electricity. The microcontroller used in this system is Arduino 
UNO, which integrates the electronic components of the project. Testing and functionality of the 
product in real-life scenarios involve different individuals with various heights. The aim of the 
experiment is to collect data on the time taken for the thermometer to move from the initial 
detection of a person until it stops. This data is crucial in considering the RPM (rotations per minute) 
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for the stepper motor. Before the design process began, various client requirements, such as design, 
price, and investment characteristics, were studied [9]. From the study, it was found that the height 
of the adjustable stand was insufficient, causing problems for taller individuals.  

Additionally, the stand could only be adjusted to a fixed height and could not be changed while 
in use, making it non-ergonomic. After reviewing literature, it was concluded that an adjustable 
height stand for the temperature scanner should be developed by incorporating technological 
advancements and improving ergonomics [10,11]. Several designs were generated through 
brainstorming to implement a new conceptual product. The market target for this product is to 
provide a solution to the identified problems with existing adjustable stand temperature scanners. 
The aim is to create a useful and preferable product that reduces human effort and addresses the 
issues of current products [12,13]. After comparing various mechanisms and assessing their 
feasibility, the market target was determined, with a focus on luxury premises. The following steps 
involve identifying the problems with the adjustable stand and understanding the challenges faced 
by users.  
 
2.1 Measurement System and Test Sample 
 

A product concept is an approximate description of the technology, working principles, and form 
of the product. There is a concise description of how the product will satisfy the customer needs. A 
concept is usually expressed as a sketch or as a rough three-dimensional model and is often 
accompanied by a brief textual description. Based on research of the adjustable stand, several types 
of product concept were generated from the brainstorming to implement into a new concept 
product. Figure 1(a) below shows the full design of adjustable height stand for temperature scanner 
in SolidWorks while for Figure 1(b) shows fabricated smart adjustable stand.  
 

 
Fig. 1. (a) 3D design Smart Adjustable 
stand (b) Fabricated Smart Adjustable 
stand 

 
The artistic diagram below is a layout of the system of the adjustable height stand for 

temperature scanner. The layout shows the estimate arrangement of the wire being used and their 
connection for each component electronic to another component electronic. Figure 2 depicts the 
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overall circuit diagram of adjustable stand, which consists of a NEMA17 Stepper Motor Bipolar with 
Cable to rotate in clockwise and counterclockwise, Ultrasonic sensor, Stepper Motor Driver (A4988) 
where it used to transform pulse signal into angular displacement signal, and Arduino UNO R3. Figure 
3 shows complete flowchart of the fabrication. 

 

 
Fig. 2. Circuit diagram of adjustable stand 

 

 
Fig. 3. Fabrication process flowchart 

 
2.2 Speed and Time 
 

To ensure the improvement of project a movement of thermometer will be calculated by distance 
from origin and the time taken from start until thermometer stop. Frame Capture is application that 
use the camera as the medium to play the video and can display digit of frames per second (FPS) 
which is easier than stopwatch. A benefit that can obtain from these applications is it can read the 
fps based on the quality camera of smartphone. The data that have been taken from this application 
is time by unit second and will be calculated by formula to get the speed. This application also a 
platform to edit and capture the image from video playback for the better view to someone. 
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d v t=                (1) 
 
The formula that has been used to calculate distance as shown in the equation above where d, v, 

and t are displacement, velocity, and time respectively. This formula can be used for measuring the 
speed of thermometer move at origin until the end of the process. The time will be taken by apps 
frame capture and will be calculate into the formula to get speed between each distance 
thermometer move and each time taken. For example, if the person has 180 cm tall, the 
thermometer at origin which is 100 cm must move upward until reach 180 cm, so the movement 
from 100 cm to 180 cm will be taken by using frame capture application to get the time by millisecond 
and will be calculate into formula speed to get how fast the thermometer will be reach 180 cm. 
 
2.3 Structure Fabrication 

 
In a way to fabricate the temperature scanner few steps need to be done. Figure 4 below shows 

steps to fabricate the temperature scanner. Firstly, hollow mild steel square was measured and have 
been cut into the required measurement using cutter. Then, the hollow mild steel that had been cut 
were assembled into the desired design by MIG welding. Next, weld grinding is an important step in 
many metals’ fabrication processes after the weld process to remove and clean the excess weld metal 
to get smooth finisher of frame product.  

After weld and grind the frame, assembled process are well doing with alignment the body 
structure using aluminum spirit level for balance standing structure. Base of the project was created 
with design required that can be balance the body of project. The base has the same process, but it 
meets difficulties to get the same design as the design drawing. After frame and base of structure 
project has been made. The assemble of the part will be done through drilling process. It because the 
adjustable height stand product can be detachable and more portable that meet customer 
requirements.  

The chosen material which is hollow mild steel for this project will rust because of the material 
itself, of course there will not run out from rust. Spray painting are used to covered surface of 
structure project and it will be like new after welding, grinding, and drilling process [14-16]. After the 
thermometer holder was designed in SOLIDWORK, the next step is to create the thermometer holder 
by using 3D printing. The material that has been chosen to create the product is stereolithography 
(SLA) [17-20]. After all of assembly and painting have been done, the structure must be covered by 
Aluminum Composite Panel (ACP).  

Cutting process of the ACP use traditional method because of the ACP is a quite soft material that 
can be cut with paper cutting knife. Next, part by part ACP that has been cut will be attach with the 
structure project by using screw. So, drilling process needed to be installed for each piece of ACP to 
the structure adjustable height stand. Finally, the 50% of project adjustable height stand for 
temperature scanner was done completely. 
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Fig. 4. Steps to fabricate the temperature scanner 

 
2.4 Experiment Setup 

 
Figure 5 below shows the sketch setup of experiment for measure time taken of moving 

thermometer from beginning until reach limit height person with any height by using Frame Capture 
application and calculate into velocity formula. The Smartphone will be place toward the adjustable 
height stand to capture the motion and time by 33 fps to get accurate time. The person height will 
be setup with different person to get different value height. In addition, each experiment with 
different height person will record and play back to get time at beginning thermometer start moving 
until stop. Lastly, all the tests will be using constant speed of the motor which is 100 revolution per 
minute. 
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Fig. 5. Sketch of experiment setup 

 
3. Results  
 

The aim of this study successfully accomplished by testing the functionality product in variety of 
height. The testing product use a different people which is in range of 153 cm and 170 cm. The 
ultrasonic sensor has good functionalities by scanning the existence of people in front of the 
adjustable height stand. The thermometer holder moves upwards and downward smoothly without 
any problem. Based on the coding, speed stepper motor was set at 100 rpm and the distance for 
ultrasonic sensor sense at distance between 30 cm. Delay after the thermometer completely move 
upwards is about 10s. After 10s, the thermometer will go downward until the origin to stop 
functioning. Figure 6(a) shows the beginning test product for height 170 cm while Figure 6(b) shows 
the height for 153 cm that the person stands in front product and ultrasonic will sense and give signal 
to Arduino to trigger the stepper motor to rotate the pulley and move the belting that attach with 
holder thermometer.  

Figure 6(c) and Figure 6(d) shows the middle test product for height 170 cm and 153 cm 
respectively. At this section, the thermometer holder stops, and the person can scan their 
temperature on duration 10s before the thermometer will move downward. After 10 s, the 
thermometer will move downward and stopped at the origin. For the person height of 170 cm, the 
time taken for starting is 8.333 s while the end of thermometer holder stops scanning the person’s 
forehead temperature at 11.967 s. Next, for a person who height 153 cm the time taken for starting 
thermometer move upwards is 6.100 s while the end of thermometer holder stop scanning the 
person’s forehead temperature is 9.167 s. 
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Fig. 6. (a,b) Beginning test product for height 
170cm and 153cm and (c,d) Middle test product 
for height 170cm and 153cm, respectively 

 
Table 1 below shows data collected through Frame Capture application for height 170 cm and 

153 cm. 
 
 Table 1 
 Data for time taken 

Height, h2 
(cm) 

Distance from origin, h2 - h1 
(cm) 

Starting time, t1 
(s) 

End time, t2 
(s) 

Duration from t1 to t2, t2- t1 
(s) 

170 70 8.333 11.967 3.634 
153 53 6.100 9.167 3.067 

 
The result shows the relationship between different of height person against time taken from 

starting until end. The difference of duration for height 170 and 153 cm is 0.567s which is negligible 
due to slightly differences of waiting time. Hence, the duration of waiting time for this product is valid 
for various height within the range 100 cm to 180 cm. 
 
4. Conclusions 
 

Finally, the adjustable height stand for temperature scanner has been successfully constructed 
to assist the hospitalities and luxury places. This adjustable height stand can accomplish the goal. 
Based on fabrication, it demonstrates that the chosen mechanism successfully operates an automatic 
thermometer scan forehead people. It has been demonstrated that functionality based on testing 
this product in real life and reliability about the durability of this product.  Few limitations have been 
found throughout this experiment where the prototype only can operate at one speed. Furthermore, 
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the distance only reaches about 100 cm until 180 cm. Not only that, but the design was also too big 
and lastly the prototype only can be used when there is an electric current The development of the 
project still must carry forward to improve the accuracy of the result. During concept generation, 
several factors are not considered in the design analysis and the further work strongly recommended 
where application of future technology such as camera thermometer and digital display according to 
the user’s desired with the help of smart system program. Moreover, material modification can be 
done by making a flexible coupling to decrease vibration of the pulley and belt. Lastly, additional 
features need to apply to indicates a person's height and weight. 
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