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 Electronic scales and cash registers play a universal role in transactions at the checkout 
systems of businesses. To reduce the number of errors occurring at the checkouts of buffet 
restaurants using electronic scales, a novel electronic scale measuring system is designed 
and investigated in this study. This designed checkout system was constructed using a Tibbo 
embedded chip in the cash register management system with a cloud connection. This proposed 
system is different from the point of sale (POS) system: it can obtain all the information of 
sale items at the same time, and it has the advantages of a low cost and simple operation. 
Furthermore, the system can transfer each trading record to be saved in a remote server through 
a cloud transfer service, and restaurants using this system can construct an effective accounting 
management mechanism. A weighed quantity is transformed into a digital quantity and sent 
to the cloud system by the embedded system. As compared with traditional, expensive, and 
large POS systems, the proposed system has higher measuring accuracy and is less affected by 
staff errors. The low-cost cash register management system with a cloud connection will be a 
competitive digital product for future commercial business activities. 

1. Introduction

 The catering industry uses an electrical scale and cash register for transactions as a normal 
business behavior in today’s society. Eating a meal in a buffet restaurant is one of the most 
common dining modes for fast-food fans because they can choose their favorite foods with 
different combinations of ingredients, and customers can determine the size of their meals 
according to their appetite. A common pricing method in buffet restaurants is to weigh the 
food selected by customers and charge a price based on the weight. Then the money to be paid 
by the customers is shown on a liquid crystal display (LCD) as a reference for customers and 
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checkout staff.(1–7) A point of sale (POS) system is used by businesses to calculate the amounts 
of goods purchased by customers and their prices and prepare an invoice for the customers, 
and it can also indicate the options by which the customers can make their payment.(8–10) 
The traditional keyboard-type cash registers need checkout staff to type the price of each 
commodity. In the checkout process, the staff may make some errors in the amount because 
they are busy, and these errors will cause operation losses and are not easy to overcome by 
accounting management.(11) If we can design a system with a smooth checkout process and 
an accounting management mechanism, we can avoid such problems and also can make an 
effective management mechanism for the accounting of revenue.(12,13) 
 When there are more customers, however, the likelihood of typed errors increases, and 
dealing with such errors may further increase the length of a queue of waiting customers. 
So far, the most efficient cash registers have an automatic reading function that is integrated 
with optical scanning instruments for the cashier to scan one-dimensional bar codes into the 
system. The obtained data can be saved in a storage controller, and then the cash register gets 
the required information and data for analyses and calculation.(14,15) If the checkout process 
is digitized, the errors caused by human typing can be reduced, the time for the checkout 
processes can be reduced, and the training process for staff can be simplified. Then, the speed 
and efficiency of checkout processes can be enhanced and a digitized process can be used as an 
alternative to human cashiers.
 Currently, there are still many traditional buffet restaurants with non-fixed or uncertain 
conditions in their commodity transactions, who use the unit price and weight of items as the 
pricing standard. The cash register management system proposed in this study is an electronic 
scale system with an embedded system and chip as the hardware and a cloud connection as the 
software; thus, it is a packaging and assembly system. Because the weight of items fluctuates 
in a buffet, it is not appropriate to use a large amount of bar codes for digitization management. 
If we can solve the problems associated with a variable product weight, then we can still use 
a high-efficiency management system in digitization checkout processes while enhancing the 
efficiency of traditional industries using weight-based pricing. The novelty of the proposed 
system is that a low-cost Tibbo embedded system is used as the platform with a digital cashier 
management process as the core. As compared with traditional expensive and large POS 
systems, the proposed system has higher measuring accuracy with fewer errors caused by the 
staff.(16–19) The proposed system can not only be used as a cash register management system 
with high efficiency, it can also reduce the production cost of cash register management 
systems.
 
2. System Architecture and Hardware Planning

2.1 Source and structure of EM1000 embedded system 

 In this study, we used an embedded system and chip, which uses a Tibbo operating system (TiOS) 
as the firmware main core (EM1000) and has the functions in Table 1. The EM1000 includes 
10/100 Ethernet, four serial ports, flash memory, and 54 universal pins for input and output (GPIO), 
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and it also provides a network access function, the external connection of a liquid crystal 
display (LCD) device, a number keyboard, an RS 232 module, and the application of an on/off 
switch controller. 

2.2 Supporting functions of EM1000 embedded system

 The embedded chip can provide many programmable functions, for example, the 
communication and controller of Ethernet, communication with an RS 232 series port, 
keyboard input, an LED controller, a buzzer, signal input/output and interruption, memory, file 
management, a web server, and buttons for remoting hardware. The hardware and functions 
can be used to implement a low-cost and cloud cashier management system. The application 
functions of the proposed system are shown in Table 2.

2.3 Peripheral planning of EM1000 embedded system 

 The main applications of the proposed system are weighing and pricing, for which the 
embedded system is the basic platform, and we also need an electrical scale that can output the 
weight. For this, an LPWN-7515 table-type electrical scale with precision of 0.5 g (abbreviated 
to “electrical scale”) is used for weighing. The weight data can be transmitted to the embedded 
platform during the operational processes through the RS 232 transmission module. The 
embedded platform is connected to the different external modules, including the LCD module, 
digitalization keyboard, on/off control module, and internal connection module, thus comprising 
the low-cost cash register management system with a cloud connection shown in Fig. 1. 

Table 1
Specification of Tibbo EM1000 embedded system.

Function Specification Function Specification
Frequency 88 MHz RTC power Onboard supercapacitor
EEPROM 2 KByte PLL control Hardware/Software
Flash memory 1024 KByte Reliable circuit Power-on/Brown-out
Ethernet 10/100 Base/T Power 230 mA/3.3 V
GPIO lines 54 (8 Interrupt lines) Dimensions 38.4 × 28.4 × 5.5 mm3

Serial ports 4 (Up to 921600 bps)

Table 2
Specification core functions and scope of applications of EM1000 system.

Core functions Scope of applications Core functions Scope of specification
Sock Web server connection Stor Execution block of main program 
Ser Electronic scale, keyboard, LCD Pat Trigger event of LED control

IO Switch control of electronic cash 
register Beep System warning sound

Kp Input signal of digital keyboard Button Button trigger switch

Rtc
Functions of system time and standby 

power supply Sys Reset and system clock

Fd Block for recording customer 
information
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3. Functions and Applications of Proposed System

3.1 Function design of EM1000 system

 For effective operation of the cash register management system, we defined functions for 
some of the buttons on the keyboard as listed in Table 3. The operation modes and practical 
application steps of the fabricated system are shown in Figs. 2–6. First, as shown in Fig. 2(a), 
the electrical scale weighs the item, then, as shown in Fig. 2(b), the EM1000 embedded platform 
calculates the cost of the weighed item. Next, the unit price of additional items to be purchased 
is keyed in and the LCD shows the new amount [Fig. 3(a)]. If necessary, a function for giving 
change from a large bill is started up and the LCD shows the amount of change [Fig. 3(b)]. The 
third process is to save the information of the total amount as shown in Figs. 4(a) and 4(b). We 
press function key F4, then the information of the total amount is saved, and when we press 
function key F2, we can check the current total revenue. We can also check on the website for 
the status of each item of revenue, as shown in Fig. 5(a), and when the staff presses function 
key M/D, the system automatically saves each item of revenue into the database of the total 
revenue, as shown in Fig. 5(b). Finally, as shown in Fig. 6(a), as the amount of each transaction 

Table 3
System functions and scope of applications of EM1000 system.
Keyboard symbol Function of applications Keyboard symbol Function of specification
F1 Function of value-added items C Delete data
F2 Display current total revenue 0–9 Input number
F3 Calculation function of change bills M/D Save data/pop-up cash register
F4 Confirm sum of current transaction RES Reset system
E Calculate price after items are weighed 

Fig. 1. (Color online) Planning diagram of system applications based on EM1000.



Sensors and Materials, Vol. 33, No. 4 (2021) 1337

Fig. 2. (Color online) (a) Weighing of item and (b) cost of the weighed item.

(a) (b)

Fig. 3. (Color online) (a) When extra items are to be purchased, the unit price of the extra items is keyed in and 
the LCD shows the new amount. (b) The change function starts up and the LCD shows the amount of change.

(a) (b)

Fig. 4. (Color online) (a) Function key F4 is pressed to save the information of the amount and (b) function key F2 
is pressed to check the current total revenue.

(a) (b)
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is checked, the EM1000 embedded system automatically adds it to the total revenue. When a 
company employee wants to check the account for each item and the total revenue, he or she can 
use a remote system to survey in detail the information of each transaction on the website, as 
shown in Fig. 6(b).

3.2	 Signal	flow	design	of	EM1000	system

 Now that we have explained the definitions and functions of the hardware, we discuss 
the reception conditions as the software references of the cash register to design a system for 
checkout and management processes. This process is the core of the operation of the proposed 
software, and the designed checkout and management processes are shown in Fig. 7.

Fig. 5. (Color online) (a) The status of each item of revenue can be checked on the website and (b) function key 
M/D is pressed to save each item of revenue into the database of total revenue.

Fig. 6. (Color online) (a) The EM1000 embedded system saves the amount of each transaction after its checkout and (b) 
an employee can remotely survey the account for each item and the total revenue on the website.

(a) (b)

(a) (b)
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3.3 Application process of EM1000 system

 Figure 8 shows the flow chart for the low-cost cash register management system with an 
electrical scale and a cloud connection. As the system is booting up, the red LED turns on. The 
data’s input and connection for the cash register management system with the electrical scale are 
through the serial ports of the RS 232 module. As the customers put their meals or the weighed 
food on the electrical scale, the weight information is transmitted to the EM1000 platform and 
shown on the LCD. First, the checkout staff needs to input the unit price of the priced meal and 
presses key E for the calculation, then the price for the current weight is shown on the LCD of 
the embedded system. If the customer wants to purchase more food, the checkout staff presses 
function key F1 and then the LCD shows the new amount. If the customer or staff finds an 
error, the staff can press key C, then the amount shown on the LCD goes back to its initial state 
and the electrical scale is used to reweigh the meal and calculate the price to the satisfaction of 
the customer and staff. 
 If the customer does not want to purchase more food, the staff presses function key F4 
to undergo the processes of verification and data saving. The cost of the transaction is saved 
into the memory by pressing function key F4, and the LCD shows the amount on the display. 
After the customer and staff have confirmed the amount, the staff presses function key M/D 
to open the cash register’s cashbox to process the checkout and give change to the customer (at 
that time, a buzzer sounds three times). If the customer hands over a large bill and the amount 
of change needs to be calculated, the EM1000 platform can provide a convenient function for 
calculating the change. The staff types the size of the bill and presses function key F3 and the 
LCD shows the amount of change to help the staff avoid errors when giving change. While 
the above processes are performed, the embedded system transfers the customer’s information 
to the company website. When a company member wants to know the revenue at any time, 
they just press function key F2 on the EM1000 platform and then the revenue is shown on the 
LCD. If a full report of the received amount is required, the EM1000 platform also provides the 
information for each transaction, which is saved on the website. 

Fig. 7. (Color online) Flow chart of checkout in the proposed system.
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4. Innovation and Design Considerations

 The innovative feature of the EM1000 embedded platform proposed in this study is that the 
cash register management system is digitized and enables convenient accounting management; 
thus, the number of errors made by checkout staff will decrease even they use the manual 
calculation mode for checkout. A traditional large POS system usually uses complicated 
application programs, and the checkout efficiency is reduced by communication and connection 
delays between the POS host system and other equipment. The design of the proposed system 
eliminates the complex operating procedures and uses the actual cash register processes as the 
basis of the design. The advantages of the EM1000 embedded system are that it does not need 
a complicated operation system to complete the communication with other peripheral devices 
and perform the calculation. The problem of system delays will also not happen because the 
EM1000 embedded system does not use large application programs. As a result, the proposed 
system can not only provide a high-efficiency cash register management system but should also 
have a lower production cost.

5. Practical Contribution and Comparison of Two Systems

5.1 Practical contribution

 The biggest contribution of the novel EM1000 embedded platform is its low cost and 
simple operation, enabling checkout staff to quickly become familiar with its operation. This 

Fig. 8. (Color online) Flow chart for electronic scale for low-cost cash register management system with cloud 
connection.
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system can solve the errors caused by the manual operation and provide an easy method for 
solving problems with accounting management. Thus, this system can replace an expensive 
and complicated POS restaurant management system, and it can use a cloud server for the 
centralized management of a chain of restaurants or use the company website to remotely obtain 
the current revenue. The proposed system has the functions of historical data tracking and 
a management mechanism for comparing accounting data, which can help restaurants avoid 
incurring operating losses. 

5.2 Comparison and analyses of two systems

 The purpose of this research is to develop a system for buffet restaurants with the functions 
of weighing and pricing. The large POS systems traditionally used for weighing and pricing in 
restaurants are expensive and have the shortcomings of high power consumption and lack of 
suitability for the environments of traditional catering establishments. The proposed embedded 
system has low power consumption and is cheaper than POS systems. This system has a fully 
developed modular chip that can be integrated with any type of electrical scale to realize a 
next-generation cloud service system. As shown in Table 4, the proposed low-cost embedded 
platform is applied in the weighing and pricing industries, and its functions can replace those 
of a complicated POS system. In the future, if the capacity of flash memory increases or an 
external secure digital (SD) memory card is connected, this system can provide more complete 
checkout information, for example, information on the staff. Such information can be saved 
in the terminal system of the EM1000 embedded platform and give the catering manager the 
ability to synchronize restaurant management through the website or using a smartphone via the 
cloud. 

6. Conclusions

 In this study, we proposed a low-cost cash register management system using the 
embedded firmware system and chip of Tibbo Technology Ltd., which can be monitored on 
the cloud. Whereas a traditional large POS system uses complicated application programs and 
communication and connection delays occur between the POS host system and other equipment, 
the EM1000 embedded system does not need a such complicated operation system to complete 
the calculation functions and communicate with other peripheral devices. The proposed system 

Table 4
Comparison of electronic scales with cash register management system and traditional POS system.

Function Traditional POS system Low-cost and cloud cash register
management system

Price Higher Lower 
Centralized management
in cloud and web monitoring No Yes

Automatic pricing Yes Yes
Operational convenience Complicated Simple 
System in module No Yes
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reduces the number of errors caused by the manual operation of checkout staff and provides an 
easy method for staff to solve problems with accounting management. Purchase information 
can be saved in the terminal system of the EM1000 embedded platform and enable a catering 
manager to synchronize the restaurant’s management via the website or a smartphone via the 
cloud.
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