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This paper presents a continuous improvement (CI) project based on the 

application of Lean Six Sigma (LSS) methodology. This project was carried 

out at the coffee manufacturing industry located in the northern area of 

Malaysia. The focus of this presented CI project is to improve the weight 

inconsistency problem of coffee powder packaging. The presented CI 

project was mainly guided with Six Sigma methodology of Define, 

Measure, Analyze, Improve and Control (DMAIC) steps, and related Lean 

tools applications. The step of Define summaries the overall view of CI 

project. In the step of Measure, the current level of Sigma based on defect 

per million of opportunities (DPMO) calculation was determined. Initially, 

6% of rejected products were recorded, which it presents the sigma level at 

3.1. In the step of Analyze, a series of team-based activities towards root 

cause identification was carried out. It included the applications of cause-

effect (CE) analysis, possible causes prioritization, and close observations 

on the packaging process. In the step of Improve, the related Lean tool was 

proposed to improve the problem under study. In the final step of Control, 

related supportive actions were suggested to sustain the effectiveness of the 

proposed solution. There are fourteen possible causes initially identified in 

CE analysis. Based on the team’s evaluation process of possible causes 

prioritization, four causes are collectively the most possible of root cause(s). 

Three close observation sessions were carried out to finalize the most 

possible root cause of the problem. Results strongly suggested that the high 

variation of coffee powder’s size and inconsistency is the root cause. An 

improvement strategy based on Lean Manufacturing approach called ‘poka 

yoke’ is proposed. The proposed improvement strategy was then validated 

based on real packaging process scenario. Result shows that the proposed 

improvement strategy is significantly effective to solve the problem with 

0% of reject product was recorded so far, where it is not only produced the 

product within the acceptable weight of 215 and 208 grams, but also 

presents the reduction of weight fluctuation that close to ideal weight of 208 

grams. 
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1. INTRODUCTION 

Continuous improvement (CI) has become an 

importance practice in the operations management 

of the manufacturing industry. It has been a centre 

of discussion since the beginning of the industrial 

revolution. Generally, CI is defined as a culture of 

sustained improvement to eliminate waste in all 

organizational systems and processes, involving 

all organizational participants [1]. In other words, 

the culture of CI will indirectly create a world-

class mentality of workers where they can see 

possible opportunities for improvement, thus 

contributing to business benefits.   

One of the popular approaches to support, 

drive, and sustain the CI culture is based on the 

application of Lean Six Sigma (LSS). The term of 

LSS refers to the integration of Lean and Six 

Sigma philosophies [2], methodology and related 

tools to drive the CI project. Literature studies 

performed by Hill et al [3] shows that LSS 

application is based on the usage of Six Sigma 

methodology of Define, Measure, Analyze, 

Improve and Control (DMAIC) steps with other 

related Lean tools application such as Value 

Stream Mapping (VSM), 5 whys, etc.  

According to Andersson et al. [4], if the right 

methodology structure of LSS is effectively 

integrated and applied, the CI project under 

consideration will significantly succeed (e.g. 

productivity increment with minimum costs of 

operations). Thus, it enabled companies to meet 

customer expectations even in the dynamic 

challenge of the global business environment. 

Comprehensive literature study on the topic of 

LSS is given in Pepper and Spedding [5].  

Some recent applications of LSS approach to 

solving various problems in the related 

manufacturing industry are as follows.  Adikorley 

et al. [6] reported a success story of LSS 

application in the textile industry's small- and 

medium-sized businesses. The application of 

DMAIC steps with related Lean tools such the 

Single Minute Exchange of Die (SMED), 

standardization strategy, Failure, Mode, Effect 

Analysis (FMEA) etc., are found to be an effective 

combination of tools to improve high changeover 

time and quality issue. From their reported CI 

projects, quality product variation and change 

over time were reduced to 37 percent. Deithorn 

and Kovach [7] demonstrated the success of LSS 

application to overcome the operational issue in 

oil and gas industry. Their paper claims that the 

iterative use of the DMAIC steps becomes a useful 

method to systematically addressing large 

problems with aggressive goals.  

Singh et al. [8] presented the application of 

lean thinking using VSM and Six Sigma DMAIC 

steps. The case study of their research project was 

carried out at a manufacturing industry that 

suffered of high production lead time and Work In 

Progress (WIP) inventory. Their project reported 

significant improvement, where lead time, 

processing time and wastage of material move-

ment were reduced to 14.88, 14.71 and 37.97 

percent, respectively. 

Sharma et al. [9] presented the application of 

LSS methodology to solve product defects 

problems in an automobile light manufacturing 

industry. Their research project applied DMAIC 

steps with Lean tools applications such as VSM, 

brainstorming, Pareto charts, 5S, kanban, etc. 

They reported the improvement at 53 percent of 

defects rate reduction, which improve the sigma 

value from 3.78 to 3.89. 

Byrne et al. [10] reported successful 

implementation of the LSS approach to minimize 

the production line downtime problem at the 

pharmaceutical manufacturing industry. The 

applications of DMAIC steps to drive their CI 

project, including VSM and ‘6-step, problem-

solve’ methodology, were systematically identi-

fied and effectively eliminated non-value adding 

(waste) activities. In overall, their CI project has 

contributed to downtime reduction, improving 

product flow, reducing the backlog, eliminating 

product wastage, increasing productivity and 

ultimately enhancing customer experience by 

reducing the backlog for the product to leave the 

factory. 

In the food manufacturing industry, the 

recent application of LSS to improve production 

performance are reported by some researchers. 

For example, Panayiotou et al. [11] implemented 

LSS methodology based on DMAIC steps and 

Lean tools (e.g. 5 whys) applications to solve the 

rework problem in a food and beverage 

manufacturing industry. Significant improvement 

on process availability increment, shifts and cost 

reductions were recorded. 

Nandakumar et al. [12] reported a study of 

LSS application in a food processing company. 

The major focus of their study is to improve the 

problems of bottlenecks and high defect rates that 

occurred at the production and packaging 

departments, respectively. Various techniques 

such as DMAIC, VSM, 5s etc. were applied in 
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their case study. Several strategic suggestions 

were then given to improve the overall equipment 

efficiency and productivity and reduce production 

fluctuations. 

This paper reported another case study based 

of CI project using LSS approach. The presented 

CI project was carried out at a local’s small, 

medium enterprise (SME) industry of coffee 

manufacturing in Malaysia. Although the benefits 

of Lean, Six Sigma, including LSS applications to 

improve the performance of the food-related 

industry, is reported in Costa et al. [13], however 

number of studies is still low [14].   

Furthermore, a specific application of LSS in 

the coffee processing/manufacturing industry is 

currently absent. Thus, this motivates this 

presented paper. The objective of this paper is to 

present a step-by-step process of CI by applying 

LSS methodology. The focused improvement area 

is on the packaging process of coffee powder, 

where some defects directly create non-value 

added activities and hence affect productivity. 

Detailed descriptions of the problem under study 

is given in the following sections.  

This paper is organized as follows. The next 

section present th case study background, where 

related introduction of the case study’s company 

is included. The next section is the problem 

statement section to precisely and concisely 

describe the problem's scope under consideration. 

The methodology section is then given to present 

a step-by-step process of how the CI project was 

carried out. The next section is results and 

discussion, where the detailed findings are 

presented based on the methodology structure 

described in the previous section. Finally is the 

conclusion section to wrap up the overall 

summary and contributions of this paper, some 

future research recommendations are also 

included. 
 

1.1. Case study background 

Company Z was established in 1958 and is 

becoming one of the local famous coffee 

manufacturers in Malaysia with ‘Kopi Hang 

Tuah’. Varieties of coffee products from this 

company reached global markets, including Hong 

Kong, Australia, Thailand, Brunei, Ireland, 

Singapore, Britain, Vietnam and United Kingdom. 

There are four main coffee manufacturing 

processes that practice in this company, which it 

starts with roasting, cooking, grinding and 

packaging. In the packaging process, currently, 

there are some different of packaging processes 

depends on the product specification. One of them 

is called the nitrogen packaging to produce 200 

grams of coffee powder with brand X. This 

packaging process is structured with three specific 

sequence of processes along it production line. 

The process start with sieving, follow by auger 

filler nitrogen packing and ended with weighing of 

packed product as shown in Fig. 1.  

 

 

Fig. 1. Nitrogen packing process machines (1 is 

sieving machine, 2 is auger filler machine and 

three is weighing machine) 
 

As shown in Fig. 1, a sieving machine is 

used to sieve the coffee powder from impurities 

before it delivers to the auger filler packing 

machine. The auger filler packing machine is used 

to perform the bag making, coffee filling, nitrogen 

filling, date coding and bag cutting. Finally, a 

weighting machine is used to record the weight of 

the packed product. The current production cycle 

time of this product is 25 packs per minute.  
 

1.2. Problem statement 

Fig. 2 presents the distribution of four types 

of defects that currently occurred at the nitrogen 

packaging process for the last few years. The 

Pareto chart indicates that the highest defect at 

70% comes from packed products for weight more 

than 215 gram. The second highest defect is 

plastic broken or tear, which is 20 % of overall 

defects. The weightless than 208 gram and plastic 

leakage defect contribute 7% and 3%, respecti-

vely.  

This Pareto chart clearly shows that the 

inconsistent weight (weight more than 215grams 

and less than 208grams) contributes 77 % of the 

overall defects issue at the nitrogen packing 

process. Therefore, the focus of this CI project is 

to improve the problem of product weight 

inconsistency.     
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Fig. 2. Defects distribution of packed product 
 

Specifically, the company has set the 

standard of the weight range of packed products: 

it should be between 215 grams to 208 grams 

(considering 7 grams is the weight of plastic 

packaging). In other words, the packed product 

without this range is considered as a rejected 

product. Ideally, the product weight at 208 grams 

is the perfect product specification intended by the 

process. However, the company considers the 

differences of the weight range at 7 grams (215 - 

208 grams) is acceptable.  

 

2. RESEARCH METHODS  

The methodology applied in this CI project is 

based on Lean Six Sigma (LSS) approach. Fig. 3 

presents the overall structure of the methodology. 

The first step is ‘Define’. This step mainly aim to 

provide a precise and concise “blueprint” of the CI 

project. In other words, all the important 

information (e.g. title, objective, scope, timeframe 

etc.) of the project can be summarised into a 

platform, namely a project charter.  In addition to 

this first step, the supplier, input, process, output 

and customer (SIPOC) analysis was carried out to 

better understand the problem under considera-

tion. The relationship among the SIPOC elements 

and the key area of conflict that create the problem 

are possibly revealed in this analysis. An example 

of SIPOC analysis is given in Setiawan and 

Setiawan [15]. 

The second step is ‘Measure’. In this step 

more detail measurements related to the problem 

under study was performed. The main objective of 

this step is to identify and measure the related 

parameters of the problem explicitly. In this 

presented CI project, the first measurement 

parameter is to identify the specific types of 

defect(s) that are worthy to solve. This can be 

identified by applying related descriptive 

statistical analysis such Pareto analysis.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 3. LSS methodology structure 
 

Next is to measure the performance of the 

process (in this study, it refers to the packaging 

process) that currently producing the identified 

defects. This can be determined based on the 

sigma level to indicate the status of the process. 

Firstly, the calculation of Defect Per Million 

Opportunities (DPMO) as given in Equation 1 

[16], [17] is carried out. Then, Sigma level can be 

obtained using Equation 2 [18].   
 

𝐷𝑃𝑀𝑂 = 
1,000,000∗𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑓𝑒𝑐𝑡

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠∗𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑝𝑝𝑢𝑟𝑡𝑢𝑛𝑖𝑡𝑖𝑒𝑠 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡𝑠
     (1)

           
𝑆𝑖𝑔𝑚𝑎 𝐿𝑒𝑣𝑒𝑙 =  

0.8406 +  √29.37 − 2.221 ∗ ln 𝐷𝑃𝑀𝑂                           (2) 
 

The third step is ‘Analyze’. The main 

objective of this step is to identify the most 

possible root cause(s) of the problem. This CI 

project initially applied common root cause 

analysis using cause effect (CE) analysis. The 

possible causes identification are classified into 

5M1E groups of cause, which they are stand for 

Man, Machine, Method, Material, Measurement 

and Environment. To ensure the generation of 

possible causes are closely related to the context 

of the problem, strategic brainstorming approach 

was applied among the project team’s members. 

DEFINE 

MEASURE 

ANALYZE 

IMPROVE 

CONTROL 

DMAIC Steps Six Sigma Lean 

LSS Features 

Project summary 
using Project 

Charter 

framework. 

SIPOC analysis 

Specify key value 

added of the 

project. 
 

Explicitly tabulate 
related problem 

using descriptive 

statistical tools 

(e.g. Pareto 

diagram) 

Measure current 

defect problem 

(sigma level) 

using DPMO 

calculation  

Root cause 

identification using 

cause effect (CE) 

analysis based on 

5M1E classification  

Extend the root cause 

identification process. 

Other Lean tools 

application (e.g. 

prioritization process, 

visual approach)  

Process 

parameters 

revision   

Apply appropriate 

solution-based 

Lean tools to 

eliminate/minimiz

e the root cause   

Revise the SOP of 

the process under 

investigation 

Identify and evaluate 

other chances to 

support for sustaining 

and simplifying the 

current improvement  
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The effectiveness of root cause identifica-

tion was supported with a possible cause priority-

zation process to narrow down the identification 

of root cause(s). The process of possible causes 

prioritization was carried out using a voting 

mechanism among project team’s members based 

on 1 (less) to 5 (strongly) evaluation scale, where 

based on their best of technical knowledge and 

experiences to what scale they believe the 

identified cause is the root cause of the problem?.  

Then, the visual approach was also used to support 

the final verification of the identified root 

cause(s).       

The next step is ‘Improve’. This step aims 

to propose and verify the solution of the problem 

based on the identified root cause. The project 

team’s members initially reviewed related Lean 

tools before finalizing the solution. The 

verification of the solution was carried out based 

on the real production process scale. 

The final step is ‘Control’. In this step, 

related adjustment on Standard Operation 

Procedure (SOP) was revisited. The aim of this 

step is to sustain the effectiveness of the proposed 

solution. Moreover, any related implication on the 

flow of production was also taken into 

consideration to avoid the complexity of 

production activities that may exist after the 

improvement strategy is implemented. 

 

3. RESULTS AND DISCUSSION 

This section presents the results and 

discussion based on the methodology described in 

the previous section. 
 

3.1. Define 

Table 1 shows the project charter of this CI 

project. The project charter contains eight key 

summaries of information, including the title of 

the project, objective, source of voice of the 

customer (VOC), project team members, project 

scope, expected financial benefit, expected 

customer benefit, and timeframe of the project.   

In addition to the presented project charter, 

six key project team members are directly 

involved in this CI project. The project basically 

lead by a company’s manager. The activities of CI 

project was planned and strategized by an 

appointed researcher, where the manager should 

approve it. The implementation of CI project’s 

activities are strongly supported by an engineer, a 

line supervisor, a machine operator and a research 

assistant, respectively. 

Table 1. Project charter 
 

Title of 

project 

Improvement of defect on weight 

inconsistency 

Objective To produce the product, which the weight is 

between 215 grams – 208 grams. The weight 

at 208 grams is the ideal.   

Source of 

VOC 

Highlighted by Internal customer 

 

CI team’ members found this project as an 

opportunity of improvement  

Project team 

members 

Project Leader: Company’s manager 

Project manager: Appointed researcher 

Technical team members: Engineer, 

supervisor, machine operator, research 

assistant 

Project 

scope 

Focus on product of coffee powder pack of 

brand X 

Expected 

financial 

benefit 

Cost saving and productivity increment  

Expected 

customer 

benefit 

Customers receiving the product with the 

right and consistent weight.  

Timeframe 

of project 

4 months 

 

Fig. 4 visualizes SIPOC diagram. The 

figure presents related information of the problem 

under study based on SIPOC framework. At this 

point, the figure highlights the conflict area (grey 

colour) of the packaging process where the defects 

occurred.  

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4. SIPOC of CI project 
 

In term of lean value, this step extends the 

description of the problem statement to specify the 

key value of the project as follows. In the 

perspective of business, the higher the weight 

(exceed predefine limit at 215grams) of products 

to be produced and sold to customers the lower the 

profit to the company. Therefore, the motivation 

of this CI project is to improve the consistency of 

product weight close to 208 grams, thus it 

maximizes the profit to the company.       

S O C 

Sieving 

Packing 

Weighting 

P 

I 

Grinding 

Process 

Grinded 

Coffee Powder 

Packed product with 

expected weight 

(215 – 208 grams) 

End user 

Conflict area 

on the process 
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Another motivation of this CI project is 

related to the weight of product that lower than 

208grams. The product with this weight level is 

classified as hard-reject product, where it will go 

through the rework process. The packed product 

will be opened and repack. From Lean thinking 

perspective, this is non-value added activities that 

caused packed material (coffee powder) repeating 

the process of packaging. Also, the cost of plastic 

packaging is indirectly increased.     
      

3.2. Measure 

After the distribution of defects on 

packaging process was performed (refers problem 

statement section). The next process in this step 

(Measure) is to determine the sigma level. The 

current sigma level based on DPMO calculation is 

presented in Table 2.   
 

Table 2 Sigma level for current defect 
 

Type of 

defect 

Total of 

defect per 

week 

Average 

production 

per week 

(packs) 

DPMO Sigma 

level 

Weight 

more than 

215 grams 

 

843 

 

15440 

 

54598 

 

3.2 

Weight less 

than 208 

grams 

 

84 

 

15440 

 

5440 

 

4.1 

Total 927 15440 60039 3.1 
 

Generally, the total of defects at 927 

represent 6% of rejected products. The sigma level 

for defects of more than 215 grams is 3.2, while 

for less than 208 grams is 4.1. Meanwhile, the 

sigma level for the combination of these two types 

of defects is calculated at 3.1. This value of sigma 

level indicates that the process capability is within 

the indicator of “industrial average” and "non-

competitive" organization [19]. Thus, this 

suggested that improvement of the packaging 

process towards reducing the identified defects is 

still highly needed.  

In addition, further information of product 

defect for weight more than 215 grams found that 

the rejected packs contain in average 1.5 grams 

per pack of extra coffee powder. By considering 

the average defects per week given in Table 2, 

there are 5,058 grams per month or 60,696 grams 

per year. This value indicates that if this defect can 

be avoided, the company can produce 282.3 (by 

considering 215 grams/pack) packs per year as 

extra productivity. Furthermore, if the packaging 

process can consistently produce the product with 

a weight close to the weight of 208 grams, thus 

more productivity increment can be obtained.         
 

3.3. Analyze 

After the current sigma level is calculated, 

the brainstorming among the project’s team 

members was carried out to identify the problem's 

most possible root cause (s). Fig. 5 presents the 

distribution of the possible causes of the problem. 

The possible causes are classified into six causes 

(Man/People, Machine, Measurement, Material, 

Method and Environment) as described in the 

previous section.  
 

 

 
 

Fig. 5. Cause and effect (CE) diagram
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In total, fourteen primary causes are found 

that possibly contribute to the problem under 

study. Based on the CE diagram presented in Fig. 

5, the cause’s group of Material and Method 

consists of three possible primary causes, 

respectively. Meanwhile, the cause’s group of 

Machine, Environment, Measurement and Man 

consists of four, two and one possible causes, 

respectively.   

This step (analyze) is continued with the 

collective evaluation process to measure the 

degree of possible causes. All five team members 

of this CI project are involved for voting. Table 3 

presents the summary of the collective evaluation 

result. As described in the previous section, the 

evaluation is carried out based on a 1 to 5 scale of 

values. The value at 5 indicates the highest degree 

of evaluator’s confidence that the identified 

cause(s) is possibly the root cause of the problem.  
 

Table 3 Summary of collective possible causes 

evaluation 
 

No. 

Possible causes 

visualize in CCE 

diagram 

Voter 

Avg A B C D E 

1 Wear and tear of auger 
screw and tube  

4 3 3 4 3 3.4 

2 Weighing machine 

calibration issue 

4 5 5 5 5 4.8 

3 Feed rate of machine 4 3 3 3 3 3.2 

4 Density variation of 
coffee powder 

4 4 5 4 5 4.4 

5 Fineness of coffee 

powder 

5 4 4 5 5 4.6 

6 Stickiness of coffee 
powder 

3 4 3 3 2 3.0 

7 System respond time  3 4 2 3 3 3.0 

8 Error in adjustment of 

auger rotation  

4 3 4 5 4 4.0 

9 Temperature  3 4 3 3 3 3.2 

10 Humidity  3 4 3 4 3 3.4 

11 Change over product  3 2 3 4 2 2.8 

12 Change expired date 

ribbon  

1 1 2 1 2 1.4 

13 Change plastic roll  3 2 3 2 2 2.4 

14 Vibration of machine  2 3 2 3 3 2.6 
  

The evaluation result of Table 3 highlights 

four specific causes (based on top four highest 

average values) that are possible to be the root 

causes of the problem. These causes are weighting 

machine calibration issue (4.8), fineness of coffee 

powder (4.6), density variation of coffee powder 

(4.4) and error in adjustment of auger rotation 

(4.0). In addition to this evaluation result, critical 

discussion among team members suggested that 

the second and third causes are related, where if 

the size of coffee powder is not even thus the 

density variation of coffee powder will exist.   

The next analysis process in this step 

(Analyze) is to prove the extent to which these top 

four causes contribute to the problem. Therefore, 

some close observation sessions on the packaging 

process were carried out. In these sessions, three 

parameters related to the top four of the possible 

causes are closely monitored and recorded. 

The first session is to monitor the product-

ion of 600 packs of product. The calibration 

activity on weighting machine (refers Fig. 1) was 

performed several times within this session. The 

calibration process is done by putting the standard 

bar of 200 grams on the weighting machine. Fig. 

6 presents the weight distribution product in the 

first observation session. 
 

 
 

Fig. 6. First observation session of packed 

product 
 

The result summary of the first observation 

session is as follows. There are eight rejected 

products recorded, all of which are classified as 

defect’s type that exceeds 215 grams. Six times of 

calibration of machine weighting that was carried 

out for every 100 packs of the product indicates a 

small difference at ± 0.3 grams. The speed rate of 

auger rotation on the auger filler machine (see Fig. 

1) for this session has been adjusted a few times 

between 2266 - 2275 rpm. The samples of 

distribution sizes of the coffee powder used in this 

packaging session is shown in Fig. 7. 

Meanwhile, Fig. 8 shows the weight distri-

bution of product for 550 packs in second 

observation session. The result shows that there 

are 7 rejected product were recorded, where 6 of 

them is exceeded 215 grams and another one is 

less than 208 grams.  
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Fig. 7.  Samples of size variation of coffee 

powder for packaging session 1 
 

 
 

Fig. 8. Second monitoring session of packed 

product 
 

In this second session, five time of weight-

ing machine calibration was performed. The 

calibration indicates a small variation at value ± 

0.4 grams. The speed rate of auger rotation for this 

second session has been adjusted several times 

between 2232 – 2252 rpm. Meanwhile, Fig. 9 

presents the samples of distribution sizes of the 

coffee powder used in this second packaging 

session.   

Fig. 10 presents the final observation 

session of the production of 550 packs. There are 

26 packs of product were recorded as rejected 

product. All of the rejected product is due to the 

weight less than 208 grams. Like the previous two 

observation sessions, calibration on the weighing 

machine shows a small variation at ± 0.4 grams.  
 

 
 

Fig. 9.  Samples of size variation of coffee 

powder for packaging session 2 

 

 
 

Fig. 10. Third monitoring session of packed 

product 
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In relation to result shown in Fig. 10, the 

speed rate of auger rotation has been adjusted 

several times between 2240 – 2284 rpm. Fig. 11 

presents the samples of coffee powder sizes used 

in this packaging session. 
 

 
 

Fig. 11. Samples of size variation of coffee 

powder for packaging session 3 
       

Based on these three observation sessions, 

several important information are found. The first 

is the cause of the calibration issue on the 

weighting machine. All of the three observation 

sessions clearly show no significant variation on 

the weighting sensitivity of the machine compared 

with the standard bar of 200 grams. Thus, the 

possible cause of the calibration issue is no longer 

relevant to the problem root cause. 

On the other hand, the data related to the 

size of coffee powder and the speed rate 

adjustment of auger rotation has revealed 

significant relationship towards occurrences of 

defects product. The observation sessions show 

that the adjustment of auger rotation speed was 

made between 2266 - 2275 rpm, 2232 – 2252 rpm 

and 2240 – 2284 rpm, respectively.  

Critical discussion among project team 

members has strongly agreed that the adjustment 

of auger rotation speed depend on the variation 

size of coffee powder used. The pictures of coffee 

powder’s samples used in these three observation 

sessions (refers to Fig. 7, Fig. 9 and Fig. 11) 

present highly variation in the size of the coffee 

powder. Therefore, collectively project team’s 

members agreed to conclude that the most 

possible root cause of the problem under study is 

related to high variation of coffee powder’s size. 

In other words, the higher the variation’s size of 

coffee powder used in the packaging process the 

more frequent the adjustment of auger rotation 

speed should be made by machine operator. 

Therefore, this scenario of current practice 

directly cause the occurrence of product reject due 

to the defect types that exceed 215 grams or less 

than 208 grams.    
 

3.4. Improve 

Based on the most possible root cause 

identified in the previous step, a solution 

hypothesis is obtained. If the company can ensure 

the coffee powder used in the packaging process 

is smaller and consistent in terms of its size, 

adjusting auger rotation speed can be simpler with 

a minimum frequency of adjustment. Then, the 

possibility of defects occurrences will be very 

minimum. 

One possible strategy to ensure the intended 

coffee powder’s size before it can be packed is to 

enhance the sieving process. An improvement 

strategy is recommended related to the Lean 

manufacturing concept called “poka-yoke”. In the 

manufacturing industry, the “poka-yoke” or 

“mistake-proofing” is a tool that is used to prevent 

the source of abnormalities in the production 

process, thus avoiding the defect to happen [20]. 

The related application of “poka-yoke” in the 

manufacturing industry is given in several studies 

[21]–[25].  

In the context of this CI project, “poka-

yoke” strategy is recommended to prevent and 

control the size of coffee powder. In other words, 

only the acceptable and consistent size of coffee 

powder is allowed to be packed. Thus, it will make 

the adjustment of auger rotation speed easier 

compared with current practice.  

The key mechanism of “poka-yoke” 

strategy applied in this CI project is to enhance the 

sieving process of coffee powder (smaller and 

consistent in size of coffee powder) before it 
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conveys to the feeder of the auger filler machine 

perform the packaging process.    

In order to prove the effectiveness of the 

proposed strategy, an experiment was carried out 

as follows. The enhancement of the sieving 

process to produce a smaller and consistent coffee 

powder was performed, as shown in Fig. 12.  
 

 
 

Fig. 12. Sieving of coffee powder to smaller and 

consistent size  
 

On the other hand, Fig. 13 shows the 

pictures of coffee powder before (currently used) 

and after the enhancing the sieving process.  
 

 
 

Fig 13. Comparison of coffee powder size and 

consistency before (A) and after (B) of sieving 

process enhancement 
 

Fig. 14 presents the weight distribution of 

the product using the experimented version of 

coffee powder’s size. This monitoring period 

recorded zero reject product (0% reject product) 

for both of defect types (more than 215 grams and 

less than 208). The distribution pattern of product 

weight mostly fall between 209 – 211 grams. This 

pattern of consistency also presents another 

important achievement; it reduces the fluctuation 

rate that is close to 208 grams.   
     

 
 

Fig. 14. Weight distribution based on 

experimented coffee powder 
 

In overall, this result indicates a significant 

improvement based on the proposed improvement 

strategy by applying “poka-yoke” concept. In 

other words, the defects and weight consistency of 

the product depend highly on the coffee powder's 

size.   
 

3.5. Control 

In this step, two supportive actions are 

suggested to sustain the proposed improvement 

strategy's effectiveness described in the previous 

step. The first is to change the size of sieve net to 

be smaller than current practice. In term of the 

standard size of the net is out of the discussion 

scope of this paper. The key point of the proposed 

improvement strategy is to prove its effectiveness 

to avoid/reduce the defects product. 

The second suggested action is to improve 

the coffee grinding process of the company. 

Generally, the process is to produce the grinded 

coffee based on a certain size of grinding machine 

setting. However, the samples coffee powder 

pictures given in Fig. 6 – 10 revealed that high 

variation of their size. Thus, it indicates the 

performance of the grinding process is 

inconsistent. If the company is able to improve 

their grinding process, thus the burden of sieving 

process can be reduced. Therefore, the overall 

nitrogen packaging process can be performed in 
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very smooth condition (e.g. minimize the 

frequency of auger rotation speed adjustment).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15. SIPOC diagram (revisit version) 
 

Fig. 15 shows the SIPOC diagram (revisit 

version) to visualize the area identified as the root 

cause of the problem. Also, the diagram highlights 

the targeted area for further improvement 

 

4. CONCLUSION 

This paper presented a case study based of CI 

project carried out at a coffee manufacturing 

industry. The reported CI project aims to improve 

the product’s quality issue related to weight 

inconsistency problem. The LSS approach was 

applied as the main methodology to carry out this 

CI project. The application of DMAIC steps is the 

key structure of the methodology to drive the CI 

project. Related analysis and solution-based tools 

are applied, which it included DPMO calculation, 

CA analysis, possible cause evaluation process 

and poke yoke.  

The summary of contributions of this CI 

project is as follows. In the step of Define, the 

project charter presentation gives a precise and 

concise view of the problem under study, 

including their direction. In the step of Measure, 

the value of Sigma based on DPMO calculation 

revealed that the focused problem is worthy to 

carry out. In the step of Analyze, a systematic root 

cause identification process is performed. 

Applications of simple qualitative (e.g. cause-

effect analysis) and quantitative (e.g. possible 

cause evaluation) tools successfully guided the 

project team’s member towards root cause 

identification. In the step of Improve, the poka-

yoke strategy is proposed. The poka-yoke 

mechanism used in this CI project enhances the 

sieving process to ensure the coffee powder is 

smaller and consistent in size before it is conveyed 

for packaging. Validation result found that the 

proposed improvement strategy have produced the 

weight’s product within the 215 grams to 208 

grams. Also, the fluctuation rate of the product’s 

weight is reduced close to ideal weight of 208 

grams. In the step of Control, related actions are 

suggested to support and sustaining the 

effectiveness of the proposed improvement 

strategy. There is a limitation in this current study, 

where the presented study is limited to prove the 

effectiveness of the solution proposal only. The 

product weight distribution as given in Fig. 14 

shows the short term data to indicate the positive 

effect of the solution proposal but not enough to 

re-calculate the DPMO to measure the Sigma level 

after improvement.    

In future research, two research works are 

planned. The first is to finalize the standard size of 

coffee powder, which is related to the size of the 

sieving net. The second is to improve the 

performance of the grinding process that supply 

the coffee powder. If the grinded coffee powder 

can be improved in terms of their size and 

consistency, the sieving process at the packaging 

will become smoother. Thus, directly producing 

better product quality in terms of product’s weight 

and size consistency of coffee powder.    
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