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Abstract 

At present, China's freight volume in some goods is large, which is a challenge to the logistics industry prac-
titioners. Some companies are starting to use RFID and electronic tags in their packaging departments. 
These technologies can greatly speed up the efficiency of the logistics industry. How to use RFID tags, RFID 
readers, and achieve lean production process is very critical. Through this series of measures, we can re-
duce the retention of goods in the packaging workshop, reduce the cost of warehouse rental, shorten the 
packaging time, and let the goods reach the hands of customers faster. To improve the implementation of 
lean production. 

 

The GM11 forecasting model is a model widely used in production forecasting in China. Production for the 
coming year can be predicted using data from previous years. This kind of prediction can be done in a com-
puter software, which is a very fast and efficient prediction model. 

 

The procedure for my thesis is this. First, the distance and conveyor speed between several RFID technolo-
gies and the goods are selected through the system literature. Test at speeds and distances that the test 
factory can adjust to understand current best practices and results obtained in similar scenarios. Then the 
experimental design began. According to the results of literature review, the experiment was designed to 
adjust the distance between RFID and goods and the speed of conveyor belt. This phase will be carried out 
in selected company packaging workshops through field tests to determine maximum logistics efficiency. 
Data collection is also very important, on the basis of the experimental design, the collection of cargo flow, 
time and other key operational data. This data will be used for subsequent model building and analysis. The 
next step is to make predictions using the GM11 model 

 

Using the collected data, the GM11 model is applied to predict the flow of goods in the next year. This step 
uses the GM11 prediction model in the grey system theory to forecast the freight volume of the next year 
based on historical data. After the prediction is completed, the efficiency improvement analysis is started. 
Using the predicted amount of cargo combined with the adjusted conveyor speed, calculate the time re-
quired to process the same amount of cargo. This time is then compared to the time required to use the 
original conveyor speed to assess the time saved by adjusting the conveyor speed. 
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Vocabulary 

Tag: composed of coupling components and chips, each tag has a unique electronic code, attached 

to the object to identify the target object; Can emit a specific frequency of radio wave energy, used 

to drive the circuit to send internal data. 

Reader: A device for reading (and sometimes writing) label information, which may be designed to 

be handheld or stationary; It can receive the interpreted data in sequence and send it to the appli-

cation program for corresponding processing. 

Antenna: In the wireless communication system, it is necessary to convert the guided wave energy 

from the transmitter into radio waves, or convert radio waves into guided wave energy, and the 

device used to radiate and receive radio waves is called an antenna; Transmitting radio frequency 

signals between tags and readers; According to directivity, it can be divided into omnidirectional 

antenna, directional antenna, etc. According to the shape can be divided into line antenna, plane 

antenna and so on. 

Radio Frequency identification (RFID) is a wireless communication technology that enables the iden-

tification of specific goods through radio signals and the reading and writing of related data without 

the need to establish mechanical or optical contact between the identification system and the spe-

cific target. Its main principle is to send the data attached to the item, so that the item can be auto-

matically identified and tracked. 
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1. Introduction 

1.1 Research background 

China's market demand is getting higher and higher with the development of society, which leads 

to the efficiency and requirements of factories are also increasing year by year. In this context, more 

and more companies are trying to use lean manufacturing. This management method can not only 

reduce waste but also improve production efficiency (Chowdhury, 2007). In this context, packaging 

workshop as an important part of logistics, its efficiency will directly affect lean production. How-

ever, there are many problems in the traditional packaging workshop management, which will affect 

the ability of subsequent production and logistics. The concept of lean production continued to ex-

pand, from the beginning of Japanese companies to multiple companies to help the country's rapid 

economic rise.  

As John Nicholas wrote in his book Lean Production for Competitive Advantage: A Comprehensive 

Guide to Lean Methodologies and Management Practices, Second Edition pointed out that by adopt-

ing lean manufacturing in the United States, Rapidly becoming the dominant country in the global 

economy (Nicholas, 2018). Lean manufacturing was pioneered by Eiji Toyoda and Naiichi Ohno of 

Toyota Motor Corporation after World War II, and its economic rise, as well as that of other compa-

nies and industries in Japan and elsewhere that adopted lean manufacturing, is a direct conse-

quence of the adoption of lean manufacturing concepts. 

To address these challenges, more and more Chinese companies are seeking high-tech solutions to 

improve lean production in packaging workshops. Bill said in his article that many companies are 

using RFID technology as a way to improve their supply chains (Bill, 2008). Chinese companies are 

also following this trend. Among these technologies, RFID technology is a good way. RFID technology 

transmits radio waves, scans electronic tags, and adds scanned cargo information to the company's 

database. This makes it easier for managers to make decisions. Reduce the time to re-count. How-

ever, the application of RFID technology and electronic tags in the packaging workshop also faces a 

series of challenges. First of all, the identification accuracy problem, when there are too many pipe-

line products, the recognition rate is not 100%, Because the device can't read the label fast enough 

(Sibum, 2004). Over time, the recorded goods and the real number of goods issued are different. 
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Secondly, how much time can be saved, how much labor cost, and whether the money saved ex-

ceeds the investment cost of RFID technology equipment? Nevertheless, with the continuous ma-

turity of technology and the gradual reduction of costs, RFID technology and electronic labels have 

great potential to improve lean production in China's packaging workshops, which is expected to 

bring revolutionary changes to the manufacturing industry.  

1.2 Introduction of company Norwex 

The test was conducted at a cleaning products company in Zhangjiagang, a city in southeast China's 

Jiangsu province. The company name is Norwex cleaning Products (zhanhjiagang) Co, Ltd. 

Table 1 Company data of Norwex (Source: Norwex cleaning Products (zhanhjiagang) Co, Ltd.） 

Company 

Norwex Cleaning 

Products (Zhanhjiagang) 

Co., Ltd. 

Industry Textile enterprise 

Turnover in  6 400 000 € No. of Employees 150 

Job Title Logistics Intern Country of operation China 

Division Packaging department Functional Area 
Warehouse and 

packaging workshop 

 

Novo Cleaning Products (Zhangjiagang) Co., Ltd. was established on 2009. The company's business 

scope mainly includes: household cleaning textiles, and engaged in the above similar products and 

cleaning tools and accessories import and export trade, cleaning products sold to many overseas 

countries. The main business of this company is to produce some cleaning products such as rags, 

bath towels and other products. These products are often produced, processed, packaged and sold 
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by themselves. At the same time, the company also has a number of suppliers to supply some prod-

uct parts, such as mop handles and other items. Below are some product images from the 

company's website. 

 

 

Figure 2 Norwex cleaning Products  (Source: Norwex (zhanhjiagang) Co, Ltd.) 

In addition to these main businesses, the company also produce some products such as creams and 

moisturizing creams. In general, the company's products are diverse, and the products produced 

will be sold to dozens of countries in North America, Asia and Europe. 
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2.Research significance and method 

2.1 Research significance and research questions 

Research significance 

In recent years, the number of companies of the same type has increased, competition has in-

creased, and consumer needs have become more diverse. Therefore, enterprises need to consider 

the dual challenges of delivery speed and quality at the same time. In Su's reaearch,, it is found that 

under the condition of the same level of other conditions, fast delivery speed will greatly help the 

competitiveness of enterprises (Su,2003). Especially in the packaging workshop, as a key link in 

product logistics, its operating efficiency directly affects the efficiency of the entire production pro-

cess and the delivery speed of the final product. Therefore, it has become important to adopt mod-

ern information technologies such as radio frequency identification (RFID) technology and electronic 

tags to improve lean production in packaging workshops.  

The application of these technologies has become the key to ensuring the efficient operation of 

packaging workshops for many companies today. These technologies help achieve more accurate 

inventory management, avoid the problem of excessive inventory and insufficient inventory, and 

reduce unnecessary rents and potential wear and tear of enterprises (Singh,2017). Accurate data 

collection can also provide decision support for enterprises, so that decision makers know the cur-

rent shipment and inventory, inventory management and supply chain management has a huge 

role. With the innovation of technology, the cost of RFID equipment has been further reduced. 

Therefore, more enterprises or factories have begun to adopt this technology, which has a great 

help for the products of enterprises to further occupy the market. This will be a major step forward 

for companies that start using RFID technology accurately to improve productivity Research meth-

ods (Anthony Narsing, 2005). 

Research questions 

1. How to improve RFID technology? 
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2.How to use the GM11 model to help the research? 

3.After improving RFID technology, what aspects can help lean production? 

2.2 Research methods 

This paper mainly adopts quantitative research method. First, we analyze the existing factory data, 

record the adjusted data, forecast the data of the next year, and finally draw a conclusion by com-

paring the data before and after the adjustment. The method of literature research, case analysis 

and empirical research are adopted. Among them, literature analysis is to find out the accuracy rate 

of RFID technology under different conditions by using previous literature, and case analysis is to 

analyze and study the test results of our company. The method of empirical research is to use the 

GM11 model and the company's past freight volume to obtain a large number of factual materials 

and data, and to forecast and analyze the future data. 

Literature research method is a method to obtain data by investigating literature according to a 

certain research purpose or topic, so as to comprehensively and correctly understand and master 

the problem to be studied. This article is based on the previous research on RFID in Beijing. What is 

the accuracy rate of rfid radio frequency technology at different distances, different speeds and 

different protocols? Master the theoretical and experimental results of relevant papers through text 

research (Jorma Kananen,2015). 

 Case analysis is a research method that explores phenomena, problems, or situations through in-

depth analysis of specific cases. In case analysis, researchers select representative cases for detailed 

investigation in order to understand the inherent laws and patterns of a particular phenomenon, 

problem or situation . The case studies for this article are based on tests I conducted in the workshop. 

In the packaging workshop I tested, I adjusted the distance between the RF equipment and the cargo, 

as well as the speed at which the conveyor belt flowed. Record changes in the accuracy of RFID 

technology. The experimental results are obtained and analyzed and compared (Jorma Ka-

nanen,2015). 
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 Empirical research method is based on a large number of facts and data obtained by observation 

and experiment, the theory and technology of deduced by statistics, and has been tested by strict 

experience (Jorma Kananen,2015). It introduces the quantitative model to conduct quantitative 

analysis of social phenomena with the aim of revealing the essential relations of various social phe-

nomena. Empirical research methods mainly carry out quantitative analysis and speak according to 

data to make the research on social issues more accurate and scientific.This study uses a systematic 

approach to explore the possibility of optimizing the logistics efficiency of the packaging shop by 

adjusting RFID technical parameters and conveyor speed, and further uses the GM(1,1) model to 

predict the flow of goods in the next year. The research began with an in-depth literature review to 

identify the literature related to RFID technology and belt speed adjustment, and the purpose of 

this phase was to identify the parameter Settings that could significantly improve logistics efficiency. 

Subsequently, a series of tests were designed and carried out in the packaging workshop where I 

used to work, and several reasonable data were selected for testing. Collect data during the test, 

mainly collect key operational data during the experiment, including cargo flow and processing time 

accuracy. The gm11 model is used to forecast the flow of goods for the next year, with the aim of 

assessing the long-term benefits of technological adjustments. Finally, the logistics efficiency before 

and after the improvement measures is compared, that is, the time required to compare the pre-

dicted cargo volume with the adjusted conveyor speed, and the change in accuracy rate. This re-

search method not only ensures the systematic and operability of the research, but also ensures the 

repeatability of the research by providing enough details, and provides a scientific basis and empir-

ical reference for optimizing the logistics efficiency of the packaging workshop. 

Specific process of paper  

First, the distance between the various RFID technologies and the cargo and the conveyor speed 

will be selected based on a literature review of the system. Tests will be conducted at adjustable 

speeds and distances within the test factory to understand current best practices and similar sce-

nario results. Based on the literature review results, experiments will be designed to modify the 

distance between the RFID and the cargo and the speed of the conveyor belt. This phase will be 

field-tested in selected company packaging workshops to determine maximum logistics efficiency. 

Based on the experimental design, key operational data, including cargo flow and timing, will be 

collected. These data will serve as the basis for subsequent model construction and analysis. Using 
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the collected data, the GM11 model will be used to forecast the flow of goods for the next year. This 

step uses the GM11 prediction model in the grey system theory to forecast the freight volume for 

next year based on historical data. By using the predicted cargo volume and the adjusted conveyor 

speed, the time required to process the same cargo volume will be calculated. This time is then 

juxtaposed with the time required to use the original conveyor speed to assess the time saved by 

the speed adjustment. Evaluate the impact of forecasting on accuracy in raw and adjusted Settings 

to aid lean manufacturing efforts. Findings and recommendations will be presented based on the 

findings. Finally, the time savings and accuracy gains achieved by adjusting RFID technical parame-

ters and conveyor speed are detailed. Based on these findings, reasonable suggestions are put for-

ward to help enterprises further optimize lean production. 
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3. Application of RFID in the workshop 

3.1 Introduction of RFID technology and the use of RFID technology in factories 

Now more and more factory workshops are beginning to use RFID technology and electronic tags 

on the assembly line. As highlighted by Miles, Sarma, and Williams (2008) in RFID Technology and 

Applications, this development will spawn new applications. These new applications are expected 

to boost the demand for products, further subsidizing research and thus sowing the seeds for the 

next invention and the next wave of innovation. It is their firm belief that RFID is currently only in 

its first wave of development.This is of great help to inventory management and to help managers 

make decisions. 

In fact, RFID scanning devices have different protocols, which are suitable for working under differ-

ent conditions such as different conveyor speeds and different distances. Many companies do not 

consider this when using this technology, which has a considerable impact on the accuracy of RFID. 

In order to understand how RFID technology can be improved, we must first understand what parts 

of RFID technology are composed of in the factory. A complete RFID system is composed of three 

parts: reader and electronic tag, the so-called transponder and application software system.To ref-

erence information about RFID technology hardware devices from page six of the book RFID Security 

by Frank Thornton, Chris Lanthem, and Frank Thornton, published by Elsevier Science & Technology 

Books on May 25, 2006. Now we are mainly going to discuss the impact of the link between the 

reader and the electronic tag on the accuracy. The passage from the article by Shangguan, Li, Yang, 

Li, Liu, and Han 2014 discusses the complexities involved in developing an RFID tracking system for 

monitoring the sequence of tags in mobile environments. The article highlights the use of the EPC 

Class 1 Gen 2 RFID standard, which employs a slotted ALOHA mechanism for communication be-

tween readers and tags. This mechanism, while reducing collisions, offers limited insights into the 

physical arrangement of tags due to the random order of tag responses. The authors suggest lever-

aging temporal correlations in communication sequences as a potential solution, though 

acknowledge its potential for significant inaccuracies stemming from variable tag sensitivity and 
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placement. They also consider the application of existing localization techniques, which are ham-

pered by the need for extensive system setup and inherent inaccuracies, particularly in cluttered 

indoor settings. The challenges of spatial constraints for reader deployment and the risk of cross-

reading tags from adjacent belts further complicate the issue. The dense placement of items on 

conveyor belts exacerbates the problem, making it difficult to accurately ascertain the sequence of 

tags using even advanced localization methods. 

It can be seen that the accuracy of RFID is not 100 percent. So next, I did some tests and changed 

the distance between the reader and the tag. Changes the speed at which the conveyor belt moves 

goods. It is important to note that the magnitude of the change must be within a reasonable range 

for a company in the Jiangsu region of China where I work. For example, suppose the optimal speed 

for a conveyor belt is 0.5 meters per second. At this speed, it's most efficient. But perhaps the max-

imum speed of the conveyor belt in this factory is only 0.2 meters per second. That means that I 

can't achieve the theoretical optimal efficiency, depending on the actual situation 

3.2 Speed of Goods Transportation on the Assembly Line 

The conveyor belt data was measured according to the factory facilities I tested. Before the im-

provement, the factory line was set at a speed of 0.3 m/s. The conveyor belt can be set at a speed 

of 0 to 0.5 m/s. However, due to manpower problems, the speed was up to 0.4 m/s. Because the 

conveyor speed is too fast, workers have no time to assemble, resulting in materials stacked in the 

packaging workshop, which will bring great risks to the warehouse environment and safety prob-

lems. After consultation with the workers and the shop manager, we decided that 0.4 m/s is the 

most efficient speed. We know that the theoretical maximum speed of a conveyor belt is 0.4 m/s. 

However, the conveyor belt is not the faster the better, under different RFID protocols, the accuracy 

may change with the speed, so we also test the RFID protocol of our factory, that is, the impact of 

different speeds on the accuracy under the FCFS protocol. 

David explains what FCFS is in his research. FCFS is one of many RFID algorithms called queued Ac-

cess service model. It is assumed that the arrival time of new customers to the waiting queue has 

nothing to do with the arrival time of previous customers and the current state of the system, so 
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the arrival time of new customers to the system is subject to Poisson distribution, and the probabil-

ity of server S providing services to customers is also subject to Poisson distribution Τ=1/ (μ-λ) 

According to the formula, if u is larger, the incoming time is smaller. If T is smaller, the average 

service time of the process is smaller. If the incoming time is unchanged, the average service time 

of the process is shorter (David,1988). Li explained the calculation method of FCFS wait time.the 

arrival time of new customers to the waiting queue is independent of the arrival time of previous 

customers and the current state of the system. Therefore, the arrival time of new customers to the 

system follows the Poisson distribution, and the probability of providing services to customers in 

the server age also follows the Poisson distribution. Τ= 1 /(μ-λ) According to the formula, τ= 1 

= 1 / if the entry is larger, the process average service time is 1 / The shorter p is, the shorter the 

waiting time of the processes in the ready queue and the shorter the average response time (Li, 

2009). This indicates that within a certain range, under the premise that the device has time to read, 

the speed is faster, and the corresponding faster, which may be contrary to our usual conjecture. 

In the experimental phase described by Shangguan et al. 2014, the performance of various protocols 

was evaluated across different conveyor belt speeds. This study shows that regardless of the speed 

of the conveyor belt, the received signal strength indicator and the read rate ratio indicator maintain 

their trend and correlation, that is, two protocols other than FCFS. Their accuracy doesn't change 

with speed. This consistency underscores the protocols' resilience to changes in the conveyor belt's 

velocity. Additionally, it was observed that the First-Come, First-Served (FCFS) protocol exhibited a 

slight improvement in accuracy as the belt's speed increased, due to tags being more likely to enter 

the reader's detection range.  
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Figure 3 Accuracy of three RFID protocols at different speeds (Source: Shangguan. 2014) 

As can be seen from the above research. Under the FCFS protocol, speed and accuracy are propor-

tional, that is, in this speed range, the faster the speed, the higher the accuracy. So we should say 

that 0.4 meters per second is the most appropriate speed under the current conditions. This ensures 

both accuracy and speed, and is acceptable to workers. Just to be sure, I ran the test again at my 

office and here are the results. 

 

Figure 4 Accuracy of FCFS protocol at different speeds  (Source: test in Norwex, 2023) 
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Our test results, shown in the chart above, are not much different from the Beijing test.To sum up, 

we set the conveyor belt to 0.4 meters per second. 

3.3 Distance between RFID devices and goods 

The distance between equipment and cargo is tested based on previous speed adjustments. 

Before adjusting the distance, I will first understand the existing environment of the workshop, then 

understand the application scenarios of different frequencies, and then select the frequency. Fi-

nally, different distances are tested according to the selected frequency, and the distance is deter-

mined. Rf devices also have a big impact on the accuracy of RFID scans. Different frequencies in 

different environments, such as indoor workshops, outdoor factories or air conditions with different 

humidity, the accuracy will change. So my distance adjustments will be based on all the existing 

factory environments. 

First of all, the humidity of the plant measured by the humidifier is 55%, which will not affect the 

accuracy. And the workshop indoors will not be affected by outside weather. Weis described the 

different frequencies of RF devices in his research. Usually RFID radio frequency can be adjusted to 

the following several different frequencies, each frequency has a different application scenario. 

125~134KHz Low frequency (LF) 45cm can penetrate most objects. 13.553~13.567MHz High fre-

quency (HF) 1~3m barely penetrates metals and liquids. 400~1000MHz ultra-high frequency (UHF) 

3-9m penetration is weak. 2.45GHz Microwave (Microwave) 3m has the weakest penetration 

(Weis,2007). 

The main products of the test company are textile products such as bath towels and rags, and the 

height difference of each goods is not much, and the equipment can also be placed in a relatively 

close distance from the goods, so only the frequency of the first LF is 125~134KHz Low frequency is 

enough (Ranky,2006). Since the frequency is LF, the test distance will be limited to 45 cm. The min-

imum distance is set at 15 cm, because if the distance is too short, the goods cannot pass through 

and will get stuck in the assembly line. I tested 15 centimeters, 25 centimeters, 35 centimeters, and 

45 centimeters. In the end, we set the distance at the most suitable 15 cm, and then the accuracy is 

0.95. 
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Figure 5 The accuracy of rfid scanning at different distances (Source: test in Norwex, 2023) 

3.4 Accuracy After Adjustments 

After modifying the conveyor speed and the distance between the RF device and the cargo, our new 

accuracy rate has been increased from 0.82 to 0.95. To demonstrate the benefits of improving con-

veyor speed, the next step is to calculate the output that could theoretically be increased by 2023. 

Originally it could pack 48 cases a day. After the speed change, 48*0.4/0.3 = 64, so 64 boxes of 

products can be packed after the improvement. There are 360 products in one box. The total num-

ber of packaged goods in the original year is 48*360*20*12= 4147200. Now a year can theoretically 

pack up to 64*360*20*12= 5529600. The output has increased by 1,382,400 units over the past 

year. In addition, if the quantity of production remains the same. We can also measure the amount 

of goods that are not scanned accurately each year. The original number of goods that were not 

accurately scanned in one year was 4147200* (1-0.82) =746496 products. Now the number of goods 

that are not accurately scanned in a year is 4147200* (1-0.95) =207360 goods. 539,136 less goods 

were scanned inaccurately in one year. 
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4 Predicting Next Year's Goods with the gm11 Model 

4.1 Introduction to the gm11 Model 

The GM(1,1) model is derived from the grey system theory, which was proposed by Chinese scholar 

Professor Deng Julong in 1982. Grey system theory aims to solve the problem of uncertainty in sys-

tem analysis and decision making, especially when the system information is incomplete and the 

amount of data is insufficient (Ma Wang et al., 2023).  The term "gray" indicates a state of infor-

mation between "black" (system information is completely unknown) and "white" (system infor-

mation is completely known), that is, a state of information that is partially known and partially 

unknown. 

The core idea of grey system theory is to use a small amount of information inside the system to 

reveal and use the development trend and internal law of the system. GM(1,1) model, as a basic 

model under the theory, is mainly used for the prediction of sequence data, and predicts future data 

points through a series of processing and model building on the original data. The development 

background and application scenarios of GM(1,1) model reflect Professor Deng Julong's unique 

views on dealing with uncertain information. He recognized that in many practical situations, deci-

sion makers are faced with incomplete information and limited data, and the traditional perfect 

information decision model is often not applicable in these situations. Grey system theory and 

GM(1,1) model provide a new methodology to make effective system analysis and prediction even 

under the condition of incomplete information. 

Since it was put forward, grey system theory and its model have been widely applied and developed 

in many fields such as economic forecasting, social science, environmental engineering, energy man-

agement and so on. GM(1,1) model is particularly popular in practical applications because of its 

simplicity and effectiveness. In addition, in view of its limitations and specific application require-

ments, researchers continue to extend and improve GM(1,1) model to improve its prediction accu-

racy and application range. The GM(1,1) model is an important model for forecasting data, for mak-

ing predictions about the future that contain uncertainty. GM" means Grey Model, where "1,1" 

indicates that the model is a first-order differential equation. This forecasting method can be used 

in different industries. For example, this model is often used to forecast sales and production within 
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a company. In addition, it can be used to predict future traffic volumes and to predict future disease 

infections. 

Conditions suitable for using this model. This predictive model is best suited first of all for dealing 

with places where the volume is not huge. For example, data from a workshop in a factory. A work-

shop only a few lines, the amount of goods will not be particularly large, very suitable. In addition, 

this prediction model is suitable for problems where a certain piece of information is missing. For 

example, the number of products processed by a workshop in the following year is uncertain. How-

ever, we know the number of processing in previous years, we know the location of the plant and 

the equipment it has. In this case, you only have one future data missing, other data are available 

and the amount of data is not large, you can use this prediction model. 

4.2 Data Collection 

Through the analysis of the equipment information in the packaging workshop and the volume of 

packaging goods last year, the production efficiency, equipment operation status and possible im-

provement direction are revealed. By collecting and analyzing this data, we are able to have a com-

prehensive understanding of the operating efficiency and production capacity of the packaging shop 

and make recommendations for optimization accordingly. 

The data sources of this study are mainly divided into two parts: one is to directly observe and record 

the equipment information of the packaging workshop, including the type and quantity of equip-

ment; The second is to obtain data on the volume of packaged goods for the whole year of last year 

by asking the production manager. The third is direct measurement, using the factory ruler to meas-

ure the distance between the goods and the RF equipment. The collection of these data provides 

reliable first-hand information for this study. Device information analysis. Type and quantity of 

equipment: the type and quantity of all equipment in the packaging workshop are listed in detail, 

and the main functions and application scenarios of each equipment are briefly described. Equip-

ment health: Analysis of equipment health, including failure rate, maintenance frequency, mean 

trouble-free uptime and other key indicators. This helps to assess the reliability and maintenance 

costs of the equipment. Equipment efficiency: Evaluate the packaging efficiency of each equipment, 

such as the amount of cargo that can be handled per hour, and factors that may affect efficiency, 
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including but not limited to equipment aging, operator skills. Packaging volume analysis. Monthly 

volume changes: Displays the monthly volume of packaged goods last year and analyzes seasonal 

changes or other factors that may affect the volume of goods. Relationship with equipment operat-

ing status: Explore whether changes in the volume of packaged goods are related to equipment 

operating status (such as failure rate), and evaluate the impact of equipment performance on pro-

duction capacity. After asking the manager of the packing shop, we got the information about the 

volume of packing goods in previous years. 

 

Table 2 The number of products in the last four years (source: Norwex Co, Ltd) 

Year Quantity of goods 

2020 3 627 200 

2021 4 077 600 

2022 4 546 800 

2023 4 147 200 

 

4.3 Analysis and Interpretation of Predictive Results 

After we get the volume of goods in the packaging workshop for the previous three years, we can 

use the GM11 model to make predictions. First, the GM11 model needs to add up the previous data 

to get the following table. Then, by entering the data into the GM11 computer program, we can get 

a one-difference cumulative cargo volum. At this time, you can officially begin to forecast, the con-

tent of the forecast is the amount of goods entering the packaging workshop in 2024. 
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Table 3 Cumulative number of products over the last four years (source: Norwex Co, Ltd ） 

Year Add up the quantity of goods 

2020 3 627 200 

2021 7 704 800 

2022 12 261 600 

2023 16 408 800 

 

Table 4 one-difference cumulative cargo volum (source: GM11 model） 

Year One difference cumulative cargo volume 

2020 - 

2021 4 077 600 

2022 4 556 800 

2023 4 147 200 
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The next step is to code the GM11 prediction. First, we need to input the code of GM11, such code 

can be found in the book GM11 Model Introduction Method (Ming,2014). So we just need to copy 

the code into the software and then modify the original data (p,147-148). Only the red part needs 

to be modified, and the red part refers to the quantity of goods in the previous four years. The red 

part represents how many years in the future, you need to predict the next year's data, so change 

the red part to 1, the rest of the same. The number 0 in this line of code represents the starting year 

2020, and the following 1 represents the 2021 data, because we add up and predict backwards 

based on the 2021 data. This is followed by the forecast of 2024 and the last year 2023. Modify the 

red data, and the other parts remain unchanged. 
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In this way, all the code is completed, and the system will automatically generate the formula and 

the calculation result of the formula. The following is a formula that GM11 will automatically gen-

erate, so it will be displayed automatically without calculation. We round up, and the data should 

be in the whole hundred, so the final forecast result is that there will be about 4,6 million units in 

the packaging department in 2024.  
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5. Reduce overproduction and increase conveyor speed to achieve lean pro-

duction 

5.1 Principles of Lean Production  

Lean Production (Lean Production, referred to as LP) is the United States Massachusetts Institute of 

Technology digital International Automobile Project organization (IMVP) experts to Japan's Toyota 

JIT (Just In Time) production mode of praise. Fine, that is, less and fine, do not invest excess produc-

tion factors, but produce the necessary amount of market urgently needed products (or products 

urgently needed in the next process) at the appropriate time; Benefit, that is, all business activities 

should be beneficial and effective, with economic benefits. Lean production method originated from 

the Toyota production method, is organized by the Massachusetts Institute of Technology, experts 

and scholars from 17 countries in the world, spent 5 years, cost 5 million US dollars, to the automo-

bile industry, a typical example of mass production and lean production method JIT industry, 

summed up after theory. The superiority of lean production is not only reflected in the production 

and manufacturing system, but also in product development, cooperation, marketing network and 

management and other aspects. It is the best production organization system and mode in the cur-

rent industry, and will become the standard global production system in the 21st century. 

Lean production is the result of the "resource scarcity" and the "multi-variety, low-volume" market 

restriction of the Japanese automobile industry after the war. It started from Toyoda Sangsaakirai, 

through the joint efforts of Toyoda Kiichiro and Ohno Niichi and others, until the 1960s to gradually 

improve and form. Lean production has many principles, such as eliminating the eight major wastes. 

The eight most common wastes in the enterprise are: overproduction, waiting time, transportation, 

inventory, process, movement, product defects, and neglect of employee creativity. Among them, 

the use of RFID technology in the packaging workshop can reduce excessive production. Because 

before the improvement of RFID technology, the accuracy of scanning equipment is not high, result-

ing in many goods passing through the pipeline are not identified, and then their quantity will not 

be recorded in the middle of the inventory. When this happens, workshop managers mistakenly 

believe that not enough product is being produced and ask the factory to continue production. 

When the final delivery to the customer, it is found that the goods have far exceeded the demand, 
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resulting in excessive goods are stacked in the warehouse, and finally these excess goods may be 

wasted. At the same TIME, after improving the conveyor speed, it also helps the company IN lean 

production JUST IN TIME. The specific basic concept of JIT is: only when needed, according to the 

amount needed, produce the required products, so it is also known as just-in-time production, 

timely production mode (White et al., 2001). 

The goal of Lean is to completely eliminate ineffective labor and waste. Here are some specific goals 

of the Lean. The first is the minimum amount of scrap (zero defects). Lean requires the elimination 

of various unreasonable causes, and every step of the processing process requires the best level. 

The second point is minimum inventory (zero inventory). In Lean inventory is the proof of unreason-

able design of production system, uncoordinated production process and poor production opera-

tion. In JIT production the preparation time (zero switching) is the essence. The length of the prep-

aration time is related to the batch selection, if the preparation time approaches zero, the 

preparation cost also approaches zero, it is possible to use a very small batch. The last point is the 

shortest production cycle (zero stagnation). The system has short production cycle, small batch, 

strong strain capacity and good flexibility. 

In addition to reducing inventory and reducing waste, it can also reduce the waiting time for the 

next process by improving the use of RFID in the packaging shop. In the packaging shop, the next 

step is to deliver the packaged goods to the customer. So as long as the goods in the packaging shop 

are qualified and the production is accurate, the delivery time to the customer can be reduced to 

achieve JIT (Danese,2012). Reducing the waiting time of the next process is mainly accomplished by 

reasonably increasing the movement speed of the assembly line. I will calculate how much waiting 

time can be reduced in the case of the same amount of goods based on the reasonable speed dis-

cussed above. This chapter will mainly consider from two aspects, one is to reduce waste by increas-

ing the accuracy rate of RFID radio frequency, and the other is to achieve JIT by reasonably speeding 

up the speed of pipeline operation. 

5.2 Minimizing defective products for the next year 

After adjusting the distance between the scanning equipment and the goods and the speed of the 

conveyor belt movement, the accuracy rate of RFID technology is greatly improved. Through the 
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GM11 forecast, we have predicted the volume of goods in the packaging shop for the whole year of 

2024. So we just need to multiply the predicted number of goods by the accuracy to get the exact 

amount of goods scanned in 2024. It can be seen from the above that the predicted quantity of 

goods in 2024 is 4550000, and the accuracy rate of the adjusted scanning equipment is 0.95. There-

fore, we can calculate that the number of goods accurately scanned in 2024 is 4550000*0.95= 4 322 

500 goods. Then calculate the number of goods accurately scanned in 2023 as 4147200*0.65 =2 695 

680 products. It can be seen that our improvement of the accuracy of RF equipment is of great help 

to the company. Then get the number how many more products are identified accurately in 2024 

than in 2023. We can know that about (4322,500 – 2695,680 = 1 626 820) products. 1.6 million 

more products will be accurately identified in 2024 than in 2023. 

5.3 Enhanced Efficiency Through Increased Speed 

Based on previous adjustments to the speed of the conveyor belt, we will also make the amount of 

goods passing through the conveyor belt larger. So how much will this speed help the packaging 

workshop to increase the speed of packaging goods? Now I'm going to calculate this. I am going to 

calculate how many days it will take before and after the speed improvement in the case that the 

quantity of goods is the same (both are the quantity of goods predicted by GM11 for 2024). 

According to GM11's forecast, 4,6 Million shipments are forecast for 2024. The company's goods 

are generally 360 goods for a box. Then we can get the total number of boxes of goods is (4 600 000 

/ 360=12778) 12778 boxes. At the original rate, Originally it could pack 48 cases a day. After the 

speed change, 48*0.4/0.3 = 64, so 64 boxes of products can be packed after the improvement. Fi-

nally, calculate how many days it will take. At the original rate, It takes (12778/48 = 266.21) 267 days 

to complete. After we change the speed, we need (12778/64 =199.66)  200 days to complete. Finally, 

I can save (267-200 = 67 ) 67days. I can come to this conclusion, if other conditions remain un-

changed, the delivery time can be 67 days in advance. 

5.4 Improve lean production 

According to the above calculation, we can find that. We can achieve both excessive production and 

increased productivity. Reducing overproduction often means less waste, which is in line with the 
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principles of lean production. Improving production efficiency means improving delivery speed, 

which is also in line with the concept of just in time in lean production. Therefore, the previous 

adjustment is of great help to improve lean production. 
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6. Results 

We can improve RFID technology by increasing identification accuracy and conveyor speed. Forecast 

2024 data through the GM11 forecast model. It is used to help later in the calculation of productiv-

ity. For the first part, the identification accuracy is improved to avoid overproduction. Accuracy in-

creased from 0.65 to 0.85. We can calculate from the previous calculation that approximately 1.6 

million more products will be identified in 2024 than in 2023. Through RFID technology, the identi-

fication accuracy can be improved, overproduction can be avoided, and the production efficiency of 

the packaging workshop can be improved by reasonably improving the speed of the conveyor belt. 

We can't directly calculate how many products to avoid overproduction, because it depends not 

only on the accuracy of the scan, but also on the reaction time of the manager. Also, the first over-

production of the product can be used in the next order, so each order of overproduction of the 

product does not mean that they will be wasted. But even if this is the case, we can show through 

the data that increased accuracy would be good for overproduction. Let's leave aside the response 

time of managers. Assuming that an order has 10 000 products, approximately 5385 more products 

need to be scanned according to the original accuracy of 10 000/0.65 = 15 384.63. If the current 

accuracy is used, 10,000/0.95 = 10,526.32, about 526 more products need to be produced. We can 

see that other conditions being equal, the overproduced products before the adjustment are about 

ten times the adjusted ones. Such an outcome would undoubtedly go a long way towards reducing 

overproduction. 

For the second part, the production efficiency of the packaging workshop is improved by increasing 

the speed of the conveyor belt. The calculation shows, that we can conclude that the speed of the 

conveyor belt has increased from 0.3m/s to 0.4m/s. If the order for 2024 had taken 267 working 

days to complete at the original rate, it would have taken only 200 working days at the adjusted 

rate. It can obviously improve the production efficiency of packaging workshop. 
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7 Conclusion 

The idea of this paper is to first improve the RFID technology, and then use the GM11 model to 

predict the next year's cargo volume. Finally, by calculating efficiency in 2024, we can get an idea of 

how much our improvements to RFID technology will help lean manufacturing. 

The first is to improve RFID technology. There are two main focus points to improve RFID technol-

ogy, one is to improve the scanning accuracy of RF equipment, and the other is to reasonably im-

prove the speed of the conveyor belt. After many tests and adjustments, the accuracy and conveyor 

speed have been improved to varying degrees. The second point is the use of the GM11 forecasting 

model. The GM11 prediction model is used mainly to get an idea of how much cargo there will be 

in 2024. In this way, we can calculate how much help to lean production. We predict how much 

cargo there will be in 2024, based on the volume of cargo in previous years. Then, the data obtained 

from the first two points. We compared the over-production before and after the adjustment of the 

same quantity of products and found that my adjustment could significantly reduce the over-pro-

duction. We also calculated how much faster we could speed up production for 2024 because of our 

adjustments. Finally, it can be concluded that I have successfully improved lean production in this 

company's packaging shop by reducing overproduction and increasing production efficiency. 

In the future, more and more enterprises will begin to use RFID technology in their production pro-

cesses. And depending on the actual situation of the factory, different factors such as the RFID pro-

tocol or the distance between the radio frequency equipment and the goods will be adjusted. After 

the adjustment, not only the production efficiency will be improved, but also the decision-making 

of managers will be greatly helped. Due to the improvement of RFID identification accuracy, the 

number of goods being recorded will be more accurate, and the manager's prediction of the future 

will be closer to the actual situation. IN addition, RFID technology will also help lean production in 

different aspects, such as reducing overproduction and achieving JUST IN TIME. In general, more 

enterprises will use and improve RFID technology in the future, and achieve more corporate profits 

by increasing production efficiency and reducing excessive waste. 

 



30 
 

 

Reference 

Nicholas, J. (2018). Lean Production for Competitive Advantage: A Comprehensive Guide to Lean 

Methodologies and Management Practices (2nd ed.). Productivity Press. 

Miles, S. B., Sarma, S. E., & Williams, J. R. (Eds.). (2008). RFID Technology and Applications. Cam-

bridge University Press. 

Thornton, F., Lanthem, C., & Thornton, F. (2006). RFID Security. Elsevier Science & Technology Books. 

Shangguan, L., Li, Z., Yang, Z., Li, M., Liu, Y., & Han, J. (2014). OTrack: Towards Order Tracking for 

Tags in Mobile RFID Systems. IEEE Transactions on Parallel and Distributed Systems, 25(8), 2114-

2125. 

K. Witrisal, S. Hinteregger, J. Kulmer, E. Leitinger and P. Meissner, "High-accuracy positioning for 

indoor applications: RFID, UWB, 5G, and beyond," 2016 IEEE International Conference on RFID 

(RFID), Orlando, FL, USA, 2016, pp. 1-7, doi: 10.1109/RFID.2016.7487999 

Hae Don Chon, Sibum Jun, Heejae Jung, Sang Won,(2004). Using RFID for Accurate Positioning An 

Journal of Global Positioning Systems Vol. 3, 34-35  

B Chowdhury, Morshed Chowdhury, RFID-based real-time smart waste management system 

PUBLICATION DATE 01-01-2007 HANDLE 10536/DRO/DU:30008105, 180-182 

Albert Y. Ha Price and Delivery Logistics Competition in a Supply Chain 

DOI:10.1287/mnsc.49.9.1139.16567, 1045-1046 

Deepesh Singha , Ajay Verma, (2017). Inventory Management in Supply Chain, Elsevier Ltd. All rights 

reserved 

Anthony Narsing,, Macon, RFID And Supply Chain Management: An Assessment Of Its Economic, 

Technical, And Productive Viability In Global Operations, State College 



31 
 

 

David Nicol , Parallel discrete-event simulation of FCFS stochastic queueing networks - ACM 

SIGPLAN Notices, 1988 - dl.acm.org 

Stephen A. Wei, RFID (Radio Frequency Identification): Principles and Applications, 35-37 

RFID-A GUIDE TO RADIO FREQUENCY IDENTIFICATION V. DANIEL HUNT ALBERT PUGLIA MIKE 

PUGLIA WILEY-INTERSCIENCE A John Wiley & Sons, Inc., Publication 

J Ma, J Wang, G Wang, Y Wan, N Li, (2023). Application scenario of GM11 model J Ma, J Wang, G 

Wang, Y Wan, N Li, 2023 - Taylor & Francis 1127-1129 

Wang Ming, Chen Qi    GM11 Model Introduction Method, 441-446 

Pamela Danese, Pietro Romano, Thomas Bortolotti. JIT production, JIT supply and performance: in-

vestigating the moderating effects Industrial Management & Data Systems ISSN:0263-5577 

White, V Prybutok (2001).  The relationship between JIT practices and type of production system 

JCR:Q1IF:8.673 Citations:14575  Sci-HubDOI   

Jorma Kananen (2015). Online Reaearch for preparing your thesis. Jamk University of Applied Sci-

ences. 


