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The papers in the Specials of this issue of the Memoirs of the Muroran Institute of Technology were 
presented at the fourth joint symposium on the Mechanical Engineering, Industrial Engineering, and Robotics 
2015 (MIER2015) aimed to interchange students and academics, and to enhance research and education 
relationship between Muroran Institute of Technology and Chiang Mai University. The symposium is a forum to 
disseminate information on the recent research in mechanical engineering, industrial engineering, and robotics. 
The first symposium was held at Chiang Mai in Thailand on November, 2010 (Thailand-Japan International 
Symposium in Industrial Engineering, Mechanical Engineering and Robotics 2010, TJIEME-CMU-MuroranIT- 
2010). The second one was at Muroran and Noboribetsu in 2012 (Joint Symposium on Mechanical-Industrial 
Engineering, and Robotics, MIER2012), and the third one was at Chiang Mai in 2013 (MIER2013). These 
symposia are held alternatively between Japan and Thailand, which are the forums to disseminate information on 
the recent research in Mechanical Engineering, Industrial Engineering, and Robotics. The fourth symposium was 
hosted by the courses of Mechanical Engineering and Robotics of Muroran Institute of Technology during 29-30 
May, 2015 at Muroran, Japan. 

The MIER2015 intends to improve interdisciplinary interaction; therefore, the presentations include various 
topics related to the mechanical engineering, industrial engineering, and robotics. The typical topics of the 
symposium includes: modeling and simulation of mechanical system; mechanical system design and application; 
manufacturing engineering and technology; industrial engineering and production management; robotics and 
automation; sensing and measurement; medical application and biomechanics; and energy and information 
technology. The papers in this section are the manuscript submitted after the symposium and have subsequently 
undergone the review process by multiple reviewers.  

On behalf of the Organizing Committee, we highly appreciate the contributions from the authors and their 
co-authors. We take the opportunity to acknowledge all reviewers for taking time to review these articles. We 
would also like to thank the students and staff of Chiang Mai University and Muroran Institute of Technology for 
their thoughtful consideration and cooperation.  

 

Editorial committee of the Specials 
Dr. Toshiharu Kazama  
Dr. Hideki Kawai 
Dr. Koji Teramoto  
Dr. Naohiko Hanajima  
Dr. Hiroyuki Fujiki  
Dr. Hiroki Matsumoto  
Dr. Tomonori Yuasa  
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Abstract 

Thailand has the Renewable and Alternative Energy Development Plan for 25 percent in 10 years to 
identify the framework and direction of Thailand renewable energy development. That consist of 3 
main sectors as follows, i.e. (i) renewable for power generation, (ii) renewable heat, and (iii) 
biofuel. This paper choose to study heat sector. Because the actual renewable heat used did not reach 
the target. To consider the RHI should be analyzed the whole supply chain because each step of the 
chain has an impact to cost to calculate the appropriate financial support. The study case of 50 kW 
power plant using biomass gasification technology is carried out. This research has been done by using 
Chiang Mai University – Sri Bua Ban located in Lumphun province as a sample model. In this case, 
the selected biomass is eucalyptus which is enormously planted around the province. The result found 
that the LCC of the supply chain is 0.46 Baht/MJ or 5 Baht/kg of pellet includes harvesting of 39%, 
transportation 54%, pretreatment 7%. Because energy conversion process requires just a few costs to 
change the system, this cost does not include in LCC. Therefore, by the economic calculation, the RHI 
is about 0.02 baht/MJ or 0.22 baht/kg of wood pellet.   
 
Keywords: Biomass, Supply Chain, Renewable Heat, Incentive, Subsidy 

 

 
1  INTRODUCTION 

 
Thailand is an energy import country. Around 60 

percent of primary commercial energy demand derived 
from import in 2011. Oil import took a high proportion 
at 80 percent of a total domestic oil consumption with 
increasing trend since not capable to increase domestic 
petroleum production to meet the demand. Substance 
development on energy will reduce dependency and 
import of oil and other energy resources, additionally 
help sharing the risk in providing fuel for power 
generation which previously depended on natural gas at 
over 70 percent. Renewable energy would be counted as 
target fuel expected to significantly substitute natural 
gas for power generation. 

The Alternative Energy Development Plan (AEDP) 
consists of three main sections as follows, i.e. (i) 
renewable for power generation, (ii) renewable heat, and 
(iii) biofuel. While the subsidy program in biofuel 
production and power generation have been started for 
years, but the renewable heat incentives are still in limit 
and focus in only small solar water heater programs 
Hence, the renewable heat figures compared to AEDP 
are still far behind the plan, as presented in Table 1. 

 
 

 

According to this situation, the promoting of 
renewable heat schemes is necessary and the start of 
Renewable Heat Incentive (RHI) in Thailand to promote 
the renewable energy use such as waste, biomass, biogas 
and solar to replace the fossil fuel such as LPG, LNG, 
oil and coal in thermal utilization is strongly required. 
This leads to the study of the RHI program in Thailand. 

 
Table 1 Performance of renewable heat compared to 

AEDP Target (as 2013) 

Types of 

energy 
Unit* 

Target 

in 2021 
2013 

2014 

(Q1-Q3)** 

Success 

Rate in 

2013(%) 

Heat ktoe 9,800 5,279 4,368 53.87 

Solar ktoe 100 4.54 4.9 4.54 

Biomass ktoe 8,500 4,694 3,929 55.22 

Biogas ktoe 1,000 495 361 49.5 

MSW ktoe 200 85 73.5 42.50 

*ktoe = kilo tonne of oil equivalent 
**Q1-Q3 = quater1 to quater3 
 

2  METHODS 
 
 2.1 Biomass for Heat Supply Chain Modeling 

In this study, a biomass heat supply chain is comprised 
of four main components of harvesting and collection, 

特　　　集Mem. Muroran Inst. Tech., 65(2015)  3-6
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pre-treatment, transport and heat conversion as shown in 
Fig. 2 
 

2.1.1 Fast-growing wood plantation 
Fast-growing wood can grow in many soil types such 

as watercourses, flood plains, dry forest types, semi-arid 
areas and long term arid. Furthermore, it can survive in 
acidic or sandy alluvial soils with precipitation less than 
650 mm/yr. Only limestone soil condition cannot be 
tolerated to the fast growing wood. The mature tree 
height can be up to 24-26 m tall with 1-2 m diameter at 
40% relative humidity the heating value of dry wood is 
10.9 MJ/kg (eucalyptus wood chip) (2) 

 
2.1.2 Transportation 
 The transportation of biomass from Lamphun was 

mainly done by truck-based transportation. An average 
fuel cost for fully-loaded transportation consumption 
was 0.0180 litres/tkm while an average fuel consumption 
for non-loaded transportation was 0.2133 litres/tkm.  
The maximize capacity of fast-growing transportation 
was 8 kg per transportation vehicle 

2.1.3 Conversion 
To maximize the efficiency of the total combustion, 

the fuel wood conversion was carried out to reduce the 
size of biomass which was not less than 5 cm in diameter 
and not more than 10 cm in length.   

 
2.1.4 Heat to Power Generation 
The electricity power was generated by a steam 

turbine power plant. Mechanical power is produced by a 
heat engine that transforms thermal energy which flow 
from a high temperature sources to low temperature 
sources. All thermal power plants produce heat provided 
by biomass as a by product of the useful electrical energy 
produced. Steam turbine power plants operate on a 
Rankine cycle show in Fig. 3. 

The main components of a steam turbine power plant 
are 1) Boiler 2) Steam Turbine 3) Generator 4) 
Condenser and 5) Boiler Feed Pump. The steam is 
created by a boiler, where pure water passes through a 
series of tubes to capture heat normally provided by 
burning fossil fuel or in this case, the biomass. The 
superheated steam leaving the boiler then enters the 
steam turbine throttle, where it powers the turbine and 
connected generator to make electricity.  

 
Source: Department of Alternative Energy Development and Efficiency 

Fig. 1 Alternative Energy Development Plan: AEDP 2012-2021 

 
Fig. 2 Biomass for Heat Supply Chain Management 
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Fig. 3 Steam turbine power plants 

 
 2.2 Life Cycle Costing 
 

Life cycle costing analysis involve the economic 
evaluation technique that determines the total cost of 
owning and operating a production facility over period 
of time by using Life Cycle Cost Analysis (LCCA). 

 
Where:   CC    =  The capital cost (Baht) 
  CO&M =  Operation and Maintenance Cost 
  CF   =  Fuel Cost  
   S   =  Savage Value 
 

This research was conducted to examined the 
following hypotheses of the Biomass Generation  

• The electricity peak demand of the area is 50 kWe. 
• The generator operation period is 7,008 hour/yrs. 
• Fuel wood less than 5 cm in diameter and not more 

than 10 cm in length. 
• Wood production 30.8 tons/Rai. 
• Relative humidity of the harvested fuel wood 60 %. 
• Relative humidity of the fuel wood before power 

generation 40 %. 
• At 40% relative humidity the heating value of dry 

wood is 10.9 MJ/kg . 
• Overall efficiency from fuel wood combustion to the 

boiler feed pump 80 %. 
• The annual power generation is 350,400  kWh. 
Details of the above production costs of the biomass 

generation system can be present as 4 separate factors.  
 
1. The Capital Cost (CC) 

The capital cost includes the initial capital expense of 
a project.   The costs are expressed as annual expenses 
incurred at the end of each year and determine by the 
formula:  

  

1)1(
)1(

N

N

C i
iiPC  

where:   N = Number of years 
P = Production cost (Baht) 

  i = Discount Rate % / year 
 
2. Operation and Maintenance Cost (CO&M)  

The sum of all yearly scheduled operation and 
maintenance costs (O&M).  O&M usually assign as 20 
percent of capital cost and determine by the formula: 
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where:  PW =  Present value of the project (Baht) 

Ft =  Production cost at the t year, t = 
1,2,3,…n 

Fo =  Production cost at the present year    
   e =   Escalation rate  
  n =   Project period (year) 
 
3.  Fuel Cost (CF)   

The calculation is as same as O&M cost. The energy 
cost of a system is the sum of the yearly fuel cost.  
 
4. The Salvage Value (S) 

Salvage value is the net worth cost value at the end 
of the production system as the net worth in the final year 
of the life-cycle period. The salvage value rate is 10 % 
of the original cost by calculate the salvage value and 
subtract with the production cost in each year by the 
formula: 
 

1)1(
)1(

)1( n

n

n
n

i
ii
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SS

 
 
where: S= Salvage value in each year (Baht/year) 
      Sn= Salvage value at the n year    
       i =   Discount Rate % / year  
       n =   Project period (year) 
 
 2.3 Renewable Heat Incentive 

 
The economic assumptions for RHI in this study are 

as follows.  
 
 Debt to Equity Ratio (D/E) varies from 50:50, 

60:40, 70:30 and 80:20, 

BOILER FEED PUMP 

TURBINE 

CONDENSER 

GENERATOR 

BOILER 

20 bar, 200°C, 0.278 kg/s 

2 MPa, Sat.liq 
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 Minimum Loan Rate (MLR) consists of 4 major 
banks; i.e. Bangkok Bank, Krungthai Bank, 
Kasikorn Bank and The Siam commercial Bank, 
at 7% per year,    

 Repayment period of debt 8 years, 
 The depreciation rate is linear, 
 The internal rate of return (IRR) varies from 10% 

12% and 15%, 
 Project duration is 10 years. 
 RHI can be calculated from the equation below. 

 

N

n
n

N

n
n

i
I

i
VCFC

RHI

0

0

)1(

)1(
 

 
FC = Project fix investment cost, Bath 
VC = Annual variable cost, Bath/year (calculate by 

sum of operation and maintenance cost, fuel cost, 
depreciation cost and lending rate) 

I = Annual income from the benefit, Bath/year 
(calculate by the expected IRR above) 

i = Discount Rate 
N = Project life time  

 
3. Result and Discussion 

 
3.1 Production Cost of the Biomass for Heat 

Production costs in each year of the biomass for heat 
can be calculated using Life Cycle Cost Analysis 
(LCCA) to determine the cost per unit of heat production 
compare with the production cost of the transmission 
line. The production costs per unit along the life-span of 
the production system were converted to the present 
currency rate. The results were shown in Table 2.       
 

Table 2.  Life cycle costing along the total project 
period(Baht/MJ) 

Processes Costs Percentage 
Plantation  0.18 38.62% 
Transportation 0.25 54.18% 
Conversion  0.03 7.20% 
Heat Production 0.00 0.00% 
Total 0.46 100.00% 

 

3.2 Renewable Heat Incentive (RHI) 
From the result in table 2, extent the LCC percentage 

to project the whole country heat needs that is 
19,392,122,458.66 MJ and calculate the RHI by the 
economic calculation. We found that the government 
should support RHI about 0.02 baht/MJ or 0.22 baht/kg 
of pellet. 

4  CONCLUTIONS 
 

From the survey and calculation, LCC of the biomass 
to heat supply chain is 0.46 Baht/MJ or 5 Baht/kg of 
pellet includes harvesting of 39%, transportation 54%, 
pretreatment 7%. Because energy conversion process 
requires just a few costs to change the system, this cost 
does not include in LCC. Therefore, the RHI is about 
0.02 baht/MJ or 0.22 baht/kg of wood pellet.   
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Abstract 
The case study company, which manufactures wooden toys, encounters problems when fixing its 
product prices, since its experienced owners tend to dictate the prices of all the products, yet do not 
have available the appropriate product price and cost data. Currently, the company’s product costs are 
calculated using traditional accounting methods, but these are unable to accurately record the costs 
associated with the resources used and activities that occur during manufacture. Furthermore, when 
the case study company changes any of the resources used to make its products, it is not able to adjust 
prices accordingly. The objectives of this study were to analyze the manufacturing costs incurred at 
the case study company using Time-Driven Activity-Based Costing (TDABC). The research began by 
collecting data related to the current production costs of the highest selling product (draughts sets). 
TDABC requires estimates to be made of two key parameters: (1) the unit cost of supplying capacity, 
and (2) the time required to perform a transaction or an activity. The next stage in the research 
involved analyzing costs using the TDABC steps. The results showed that applying the TDABC 
method to product costing is more consistent with the actual use of resources at the case study 
company than when using traditional costing methods. The study company; therefore, has the 
potential to use this method to more accurately determine the appropriate prices for its products. In 
addition, the study identified those activity centers mostly related to manufacturing costs. Based on 
this information, and as part of any future research, it will be possible to identify and implement the 
methods or guidelines needed to reduce these costs. 
 
Keywords: Manufacturing costs, Time-Driven Activity-Based Costing, Wooden toys 
 

 

 
1  INTRODUCTION 

 
Due to today's increasingly competitive market 

conditions, consumers have more choice when deciding 
to purchase a product or service, and so to stay 
competitive, businesses need to adapt accordingly. 
Manufacturing costs have also increased in recent years 
due to increases in the costs of raw materials and those 
services bought-in from other companies, as well as 
increases in staff wages. However, to raise the price of 
a good raises the risk of losing customers to other 
businesses offering lower prices and so losing market 
position, as well as losing the ability to compete.  

If the selling price for products is either too low or too 
high, it will impact upon the ability of a company to 
generate a profit, and losses may even be experienced. 
Therefore, it is important for companies to produce 
accurate cost estimates, so that they can sell at an 
optimal price, as well as understand where the 
manufacturing process needs to be optimized. 

The case study company manufactures wooden toys, 
but encounters problems when fixing its product prices, 
since its owners, although experienced, tend to dictate  
price levels, yet do not have available the appropriate 
product price and cost data. Currently, product costs are 
calculated through the use of the company’s traditional 
accounting methods, and these methods are unable to 
accurately record the costs associated with resources 
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and activities. Furthermore, when the case study 
company changes any of the resources it uses to make a 
product, it cannot adjust its prices accordingly. 

Data from interviews held with the business owners 
shows that the production costs for wooden toys in 
2013 included a direct labor cost of 51%, production 
overheads of 38% and direct materials costs of 11%, as 
shown in Figure 1. 

 
 
 
 
 
 
 
 
 
 

Figure 1 Production costs for the case study company; 
broken down by direct labor, direct materials and 
manufacturing overhead costs for 2013. 

 
Time-Driven Activity-Based Costing (TDABC) has 

been applied across many organizations and is known 
for its variety of potential uses and its precise results. 
Applying TDABC ensures product costs are more 
accurate and consistent with a company’s resources use 
patterns, since the method is mainly based on actual 
activities and recognizes that activities consume 
production resources. The objectives of this study were 
to identify and analyze manufacturing costs at the case 
study company using TDABC. The study company has 
the potential to use the results of this study to better 
determine the prices of its products. This will also 
make it possible for the company to identify which 
products generate the most profit. Furthermore, once 
the company has analyzed its product costs using 
TDABC, it will be able to develop the methods and 
guidelines needed to reduce manufacturing costs. 

 
2  TDABC: CONCEPT AND APPLICATIONS 

 
 This section will discuss the theory and relevant 
research related to TDABC. 
 
2.1 Principles of the costing systems 
The basic principles of the costing systems are as 

follows: 
 

2.1.1 Definition and meanings of cost 
Cost is the value of resources, measured in economic 

terms, used to produce the product or service (1). There 
are three types of cost: direct materials, direct labor and 
overhead costs. By calculating the costs of the direct 
materials and direct labor costs used in a production 
process, we can determine these costs associated with 
producing the product or service. However, overhead 
costs cannot be identified directly in relation to a good 

or service, and this can lead to the calculation of 
production costs not matching with the actual costs (2). 
 
2.1.2 Activity-Based Costing (ABC) 

  The ABC costing method is mainly based on actual 
activities and recognizes that activities consume 
production resources. The direct materials and direct 
labor costs can be allocated into a product or service 
directly. The overhead costs, on the other hand, are 
determined based on the allocation of the costs of 
resources used in activities based on criteria or drivers 
relevant to those activities. Therefore, the costs of 
products or services that use up a large amount of 
activities will be higher than for those products or 
services that do not (3). 
 
2.1.3 Time-Driven Activity-Based Costing (TDABC)  
 TDABC method has been developed from the 
traditional ABC method which requires significant 
processing in data collection and cost allocation. The 
TDABC method uses time as criteria or key 
measurement variable for the allocation of costs, 
because all costs involve time (4). TDABC requires 
estimates to be made of two key parameters: (1) the 
unit cost of supplying capacity, and (2) the time 
required to perform a transaction or an activity. The 
TDABC method can then be used to produce results 
quickly. It can also be easily modified to incorporate 
other approaches. The cost calculation methods used by 
TDABC reflect the use of a variety of time equations to 
determine production and consumption behaviors, 
providing more accurate costs than conventional 
methods. However, it should be noted that TDABC is 
not as accurate as ABC. 
 

2.2 Comparison between ABC and TDABC 
  TDABC is unlike ABC, since ABC gathers together 
the total cost of all the activities before allocating these 
to the products being produced based on cost driver 
volumes. In contrast, when using TDABC, the capacity 
cost rate is determined first, then multiply this by the 
cost driver for each individual activity, meaning the 
cost of each activity can be clearly seen (5). TDABC 
uses a simple calculation with only two important 
variables included: the capacity cost rate and the actual 
time spent on each process (6). The list below describes 
what advantages TDABC has over ABC (4): 
 

1. It is able to be used easily and quickly. 
2. It is able to be applied with and work alongside a 

company's own information systems (such as 
ERP and customer relationship management 
systems). 

3. It can be applied using more than one cost driver 
for transactions and purchase orders. 

4. It can be applied more frequently (e.g. monthly). 
5. It is able to provide information on process 

efficiency and capacity utilization. 

Direct 
Labor
51%

Direct 
Material

11%

Overhead
38%
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6. It can be applied in planning capacity and 
budgeting activities. 

7. It can be used by different industries, including 
those with complex processes, systems or 
organizational structures. 

 
  The researchers for this study were able to identify 
these advantages when using TDABC, since the case 
study company has a highly complex and sophisticated 
manufacturing process, so to collect the in-depth 
information needed to apply the ABC method would 
have been very difficult, using up a lot of time and 
money. It would also have been difficult to choose the 
variety of cost-drivers suitable for the calculation of 
costs for each activity. 

 
2.3 The application of TDABC 

 TDABC has been used in many organizations and has 
been acknowledged for its wide variety of potential 
uses and precise results. One example of its use comes 
from the Belgian Logistics Company (5), which applied 
TDABC because it saw that though its gross margins 
were fixed and sales were growing, the overall return 
on sales was decreasing. This loss in profit caused the 
management team to demand that the company 
measure costs and profits more accurately. As a result, 
the company implemented TDABC and was able to 
identify the time spent on specific activities and the 
causes of this, plus why transportation costs were so 
high (the team found the company was delivering many 
small parcels to many separate delivery points). After 
reducing the number of parcel deliveries and delivery 
points, profits increased. The information provided by 
TDABC was also used to set the customer fees. The 
study concluded that TDABC could collect complex 
time-based activity details covering all 7,000 of the 
company’s customers, and that this would allow the 
company to respond to the needs of each customer’s 
individual logistics requirements. Moreover, this 
information could be relied upon (4). 
 Another study of a US dairy production factory also 
made similar findings related to TDABC (7). This study 
concluded that the time equation used by the TDABC 
system can help predict time spent on specific 
activities; even in light of the varying specifications 
required by each order, and so improve reliability. 
TDABC time equation is able to incorporate all 
relevant limitations within a single equation. Such 
restrictions, those which appear in the TDABC timing 
equation, cannot be considered within ABC (7). As 
many companies wish to minimize their operating costs, 
so it is essential they are able to understand the actual 
cost of producing their products, and TDABC can help 
in this respect (4). Some companies have even applied 
TDABC in support of a growth strategy, as it enhances 
their ability to generate a profit by first measuring costs 
and profits accurately (8). 
 A review of the literature and previous research 

relating to TDABC shows that both the TDABC and 
ABC methodologies have advantages and 
disadvantages. The choice of which system to use 
should be based on which method a company thinks 
will be most fit for purpose. 
 

3  INFORMATION OF THE CASE STUDY 
COMPANY 

 
The case study company consists of a factory housed 

in a two-story building. The front is open-ended, for 
drying wood, while the first floor is the production area 
and the second floor is a warehouse. The company was 
first established in September 1981, and was registered 
as a limited company on 13th January 2011 with 
registered capital of one million Baht. The business 
started as a small manufacturing business with about 50 
employees; three in the management team and 47 
skilled laborers. The company’s products include 500 
different wooden toys and games made from the ‘rain 
tree’, as shown in Figure 2. These products include 
games such as Draughts, Tangram, Jenga and Chinese 
checkers, and a Notched stick game. Production of each 
of these products involves a different process, with the 
complexity varying based on the labor and machine 
requirements. The different stages include 
oven-drying/external drying of the fresh wood, then 
sawing, scooping, inspecting, polishing and packaging 
the product. Multiple products are sold, both in 
Thailand and abroad, such as in the United States. 
 
 

 
 
 
 
 
 
 
 
 
Figure 2 Wooden toys produced by the case study 
company 

 
The company’s management lacks a good level of 

knowledge and understanding of many aspects of a 
modern manufacturing management system. The main 
problem is the lack of knowledge that exists on the 
actual production costs incurred by the company, as 
costs are estimated based on the judgment and 
experience of the owners. 
 
4  RESEARCH METHODOLOGY AND RESULTS 

 
This research started by collecting data related to 

orders, receipts and disbursement slips from within the 
case study company. Observations were made and data 
collected from actual work stations. Forms were 
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and activities. Furthermore, when the case study 
company changes any of the resources it uses to make a 
product, it cannot adjust its prices accordingly. 

Data from interviews held with the business owners 
shows that the production costs for wooden toys in 
2013 included a direct labor cost of 51%, production 
overheads of 38% and direct materials costs of 11%, as 
shown in Figure 1. 

 
 
 
 
 
 
 
 
 
 

Figure 1 Production costs for the case study company; 
broken down by direct labor, direct materials and 
manufacturing overhead costs for 2013. 

 
Time-Driven Activity-Based Costing (TDABC) has 

been applied across many organizations and is known 
for its variety of potential uses and its precise results. 
Applying TDABC ensures product costs are more 
accurate and consistent with a company’s resources use 
patterns, since the method is mainly based on actual 
activities and recognizes that activities consume 
production resources. The objectives of this study were 
to identify and analyze manufacturing costs at the case 
study company using TDABC. The study company has 
the potential to use the results of this study to better 
determine the prices of its products. This will also 
make it possible for the company to identify which 
products generate the most profit. Furthermore, once 
the company has analyzed its product costs using 
TDABC, it will be able to develop the methods and 
guidelines needed to reduce manufacturing costs. 

 
2  TDABC: CONCEPT AND APPLICATIONS 

 
 This section will discuss the theory and relevant 
research related to TDABC. 
 
2.1 Principles of the costing systems 
The basic principles of the costing systems are as 

follows: 
 

2.1.1 Definition and meanings of cost 
Cost is the value of resources, measured in economic 

terms, used to produce the product or service (1). There 
are three types of cost: direct materials, direct labor and 
overhead costs. By calculating the costs of the direct 
materials and direct labor costs used in a production 
process, we can determine these costs associated with 
producing the product or service. However, overhead 
costs cannot be identified directly in relation to a good 

or service, and this can lead to the calculation of 
production costs not matching with the actual costs (2). 
 
2.1.2 Activity-Based Costing (ABC) 

  The ABC costing method is mainly based on actual 
activities and recognizes that activities consume 
production resources. The direct materials and direct 
labor costs can be allocated into a product or service 
directly. The overhead costs, on the other hand, are 
determined based on the allocation of the costs of 
resources used in activities based on criteria or drivers 
relevant to those activities. Therefore, the costs of 
products or services that use up a large amount of 
activities will be higher than for those products or 
services that do not (3). 
 
2.1.3 Time-Driven Activity-Based Costing (TDABC)  
 TDABC method has been developed from the 
traditional ABC method which requires significant 
processing in data collection and cost allocation. The 
TDABC method uses time as criteria or key 
measurement variable for the allocation of costs, 
because all costs involve time (4). TDABC requires 
estimates to be made of two key parameters: (1) the 
unit cost of supplying capacity, and (2) the time 
required to perform a transaction or an activity. The 
TDABC method can then be used to produce results 
quickly. It can also be easily modified to incorporate 
other approaches. The cost calculation methods used by 
TDABC reflect the use of a variety of time equations to 
determine production and consumption behaviors, 
providing more accurate costs than conventional 
methods. However, it should be noted that TDABC is 
not as accurate as ABC. 
 

2.2 Comparison between ABC and TDABC 
  TDABC is unlike ABC, since ABC gathers together 
the total cost of all the activities before allocating these 
to the products being produced based on cost driver 
volumes. In contrast, when using TDABC, the capacity 
cost rate is determined first, then multiply this by the 
cost driver for each individual activity, meaning the 
cost of each activity can be clearly seen (5). TDABC 
uses a simple calculation with only two important 
variables included: the capacity cost rate and the actual 
time spent on each process (6). The list below describes 
what advantages TDABC has over ABC (4): 
 

1. It is able to be used easily and quickly. 
2. It is able to be applied with and work alongside a 

company's own information systems (such as 
ERP and customer relationship management 
systems). 

3. It can be applied using more than one cost driver 
for transactions and purchase orders. 

4. It can be applied more frequently (e.g. monthly). 
5. It is able to provide information on process 

efficiency and capacity utilization. 
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prepared and data were recorded in relation to the 
consumption and cost of raw materials, labor costs, and 
manufacturing overhead costs, as well as production 
volumes. The data was collected in November 2014. 
After gathered the data, a Flow Process Chart along 
with a Flow Diagram were created, to provide an 
overview of the case study company’s production 
processes. 

 
To calculate costs using the TDABC method, there are 

eight stages to follow, as shown in Figure 3. 
 
Identify resource groups and 

service processes 
(activities/sub-activities ) 

 Develop time equation 

   
Estimate cost of all resources 

supplied  Determine time estimates for 
each sub-activity 

   

Estimate practical capacity  Estimate the capacity 
required by each sub-activity 

   
Calculate capacity cost rates  Calculate unit costs 

 
Figure 3 Process used for applying TDABC (5). 

 
To start, production activities (activity 

centers/sub-activities) have to be identified. Then the 
estimates of the costs of all resources used and the 
acceptable capacity are required for the capacity cost 
rate calculation. To calculate the production costs, a 
time equation has to be created for each activity center. 
After that, the estimated time for each activity is 
determined, and the capacity demand of each activity 
center also calculated. Finally, the cost per product unit 
is derived (5). 

The research methodology and results are as follows: 
 
4.1 Production activities used (activity centers/sub 

activities) 
 The first step taken using the TDABC method is to 
analyze and identify the manufacturing activities taking 
place, in order to understand their scope and the 
specific sequence of events taking place, because all 
activities vary but have a purpose.  

In the case study company, the first step in the 
manufacturing process is oven-drying the wood and 
adding insect repellent. The wood is then left to dry 
before being stored in the warehouse. After that, the 
wood is reduced in size through sawing, before being 
sanded to get rid of any coarse grain, knots or holes, as 
required for making the product. The wood is then 
lightly polished to give it a smooth surface. After that, 
the product is assembled from the different parts and 
then painted, to create the finished product. The 
products are then closely inspected before being packed. 
The packed products are then either transferred to the 
warehouse or dispatched to the customer. This process 
is shown in Figure 4. 

 

Oven-dry  Paint  
Assemble 

(final 
product) 

  

       

Dry  Adjustment  Inspect   

       

Store  Assemble 
(sub parts)  Pack   

       
Saw wood  Fine polish  Deliver?  Store 

       
Rough 
polish 

 
Cut/ Drill/ 

Scoop 
 

Deliver to 
customer 

  

 
Figure 4 Production process at the case study 

company 
 
For this study, the researchers calculated the 

production cost of making draughts, as it is the 
company’s highest selling item. The production of this 
product can be divided into three activity centers, as 
follows: 
1. For the wood preparation activity center, the raw 

materials are taken from the warehouse and oven-dried, 
then after cooling are laid outside to dry, before being 
returned to the warehouse for storage. 
2. For the wood processing activity center, the wood is 

taken out of storage to be sawed, after which it 
undergoes rough polishing, then is cut, drilled and has 
holes punched in it. It is then fine polished using 
sandpaper. 
3. For the retail packaging and delivery activity center, 

the polished wood sub-parts are assembled together, 
then decorated using paint; for example, the board 
game pieces and draughts pieces. The final product is 
then assembled and inspected, before being packed in a 
sealed bag and left to dry. It is then stored in a holding 
area prior to delivery.  
 
This paper explains in details on how to apply the 

TDABC method for the cost calculation in activity 
center 1–wood preparation only. The same TDABC 
process also applies within activity centers 2 and 3. The 
activity center 1–wood preparation process consists of 
six sub-activities: (i) employees transfer the wood from 
storage to the oven, (ii) wood is placed in the oven and 
oven-dried for 24 days, (iii) wood is allowed to cool 
and then employees transfer the wood from the oven to 
the drying area, (iv) wood is dried for another seven 
days, (v) employees transfer the wood from the drying 
area to the store, and (vi) wood is stored in the 
warehouse (post-drying).  

 
4.2 Estimated total cost of the resources used (cost 

of all resources supplied) 
If the resources used all fall under the same activity, 

costs can be allocated directly to that activity. However, 
if resources are used for several activities, an allocation 
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method based on the appropriate cost-driver has to be 
used. In this study, the researchers allocated resources 
based on the types of resource used for each activity, 
these being divided into two groups: (i) labor costs, and 
(ii) the cost of equipment, machinery, and other 
equipment. Details of the costs incurred in each study 
sub-activity (activity center 1–wood preparation) are as 
follows:  

1. Transporting the wood from the warehouse to 
the oven: Requires three employees at a cost of 7,644 
Baht each per month, giving a total of 22,932 Baht. 
However, the sub-activities for taking the wood to the 
drying area and taking the wood back at the warehouse 
use the same amount of labor and work resources, so 
the average cost of all these activities is 7,644 Baht per 
each sub-activity per month. Two vehicles incur 
depreciation and maintenance costs at 176 Baht each 
per month, giving a total of 352 Baht per month. This 
means the total cost of this sub-activity is 7,996 Baht 
per month. 

2. Drying the wood in an oven for 24 days and 
switching the oven on and off: This step requires one 
employee at a cost of 7,644 Baht per month. Since this 
one employee handles three sub-activities, including 
setting-up the oven, drying and storage after drying, 
and as these take up an equal amount of time, so the 
average is 2,548 Baht per month per sub-activity. 
Depreciation of the oven is 1,666.67 Baht per month 
and the electricity costs are 20,000 Baht per month. 
This gives a total cost for this sub-activity of 24,214.67 
Baht per month. 

3. Transferring the wood from the oven to the 
drying area for drying: The calculation process for this 
is the same as for taking the wood from the warehouse 
to the oven. The total cost of this activity is; therefore, 
7,996 Baht per month. 

4. Drying the wood for another seven days: This 
stage involves one employee at a cost of 7,644 Baht. 
Since this one employee handles three sub-activities, 
including setting-up the oven, drying and taking the 
wood into storage after drying, and that each of these 
activities take an equal amount of time, so the average 
cost of each sub-activity is 2,548 Baht per month. 
Depreciation for the pallets amounts to 150 Baht, for 
the tents is 180 Baht, and for the plastic sheet covers is 
570 Baht per month. This gives a total monthly cost for 
this activity of 3,448 Baht. 

5. Transferring the wood (after drying) from the 
drying area to the store: The calculation process for this 
stage is the same as for taking wood from the 
warehouse to the oven, but with use of only one vehicle. 
As a result, the total cost for this activity is 7,820 Baht 
per month. 

6. Storing wood in the warehouse: The labor cost 
for the one employee used during this stage is 7,644 
Baht per month. Since this one employee handles three 
sub-activities; setting-up the oven, drying and storing 
the wood after drying, and because all these activities 

take a similar amount of time, so the average cost per 
sub-activity is 2,548 Baht. With the additional use of 
chemicals at 138.65 Baht per month, this gives a total 
monthly cost of 2,686.65 Baht. 

The estimated costs of all the resources used in each 
of the sub-activities described above are summarized in 
Table 1. 

 
Table 1 Labor, equipment, machinery and other 
equipment costs within the wood preparation activity 
center (unit: Baht/month) 

No. Sub-Activities Labor 
costs Overheads 

Cost of all 
resources 
supplied  

1 
Transfer the wood 
from storage to the 
oven 

7,644.00 352.00 7,996.00 

2 Oven-dry the wood 2,548.00 21,666.67 24,214.67 

3 
Transfer the wood 
from the oven to the 
drying area 

7,644.00 352.00 7,996.00 

4 Dry the wood 2,548.00 900.00 3,448.00 

5 
Transfer the wood 
from the drying area 
to the store 

7,644.00 176.00 7,820.00 

6 Store the wood 2,548.00 138.65 2,686.65 
Total 30,576.00 23,585.32 54,161.32 

 
4.3 Estimated acceptable capacity (practical 

capacity) 
The factory’s working hours are Monday to Saturday, 

8 a.m. to 5 p.m. The four employees work an average 
of eight hours a day, for 26 days a month. Deductions 
for breaks, training and maintenance up to 10% of these 
working hours, meaning employees have an acceptable 
capacity of 11,232 minutes each per month. 

 
4.4 Calculation of the capacity cost rates 
The capacity cost rate (Baht per minute) can be 

obtained using the following equation (1). 
 

Capacity cost rate = Cost of all resources supplied       (1) 
                    Practical capacity         
 
As an example for using this equation, for sub-activity 

collecting the wood from the warehouse and 
transferring it to the oven, the capacity cost rate is 
7,996 Baht/11,232 minute, or 0.71 Baht per minute. 
Table 2 gives a summary of the capacity cost rate of 
each sub-activity within the wood preparation activity 
center. 
 
4.5 Development of activity center time equation  
 TDABC time equation is able to incorporate all the 
time needed to undertake all sub-activities in each 
activity center within a single equation (5), and the 
mathematical model used to establish TDABC time 
equation is shown below (9): 
 
              Tt =β0 + βiXi                    (2) 
 

Ramida PONGWASIT and Rungchat CHOMPU-INWAI 

- 10 - 

prepared and data were recorded in relation to the 
consumption and cost of raw materials, labor costs, and 
manufacturing overhead costs, as well as production 
volumes. The data was collected in November 2014. 
After gathered the data, a Flow Process Chart along 
with a Flow Diagram were created, to provide an 
overview of the case study company’s production 
processes. 

 
To calculate costs using the TDABC method, there are 

eight stages to follow, as shown in Figure 3. 
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Figure 3 Process used for applying TDABC (5). 

 
To start, production activities (activity 

centers/sub-activities) have to be identified. Then the 
estimates of the costs of all resources used and the 
acceptable capacity are required for the capacity cost 
rate calculation. To calculate the production costs, a 
time equation has to be created for each activity center. 
After that, the estimated time for each activity is 
determined, and the capacity demand of each activity 
center also calculated. Finally, the cost per product unit 
is derived (5). 

The research methodology and results are as follows: 
 
4.1 Production activities used (activity centers/sub 

activities) 
 The first step taken using the TDABC method is to 
analyze and identify the manufacturing activities taking 
place, in order to understand their scope and the 
specific sequence of events taking place, because all 
activities vary but have a purpose.  

In the case study company, the first step in the 
manufacturing process is oven-drying the wood and 
adding insect repellent. The wood is then left to dry 
before being stored in the warehouse. After that, the 
wood is reduced in size through sawing, before being 
sanded to get rid of any coarse grain, knots or holes, as 
required for making the product. The wood is then 
lightly polished to give it a smooth surface. After that, 
the product is assembled from the different parts and 
then painted, to create the finished product. The 
products are then closely inspected before being packed. 
The packed products are then either transferred to the 
warehouse or dispatched to the customer. This process 
is shown in Figure 4. 
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Figure 4 Production process at the case study 

company 
 
For this study, the researchers calculated the 

production cost of making draughts, as it is the 
company’s highest selling item. The production of this 
product can be divided into three activity centers, as 
follows: 
1. For the wood preparation activity center, the raw 

materials are taken from the warehouse and oven-dried, 
then after cooling are laid outside to dry, before being 
returned to the warehouse for storage. 
2. For the wood processing activity center, the wood is 

taken out of storage to be sawed, after which it 
undergoes rough polishing, then is cut, drilled and has 
holes punched in it. It is then fine polished using 
sandpaper. 
3. For the retail packaging and delivery activity center, 

the polished wood sub-parts are assembled together, 
then decorated using paint; for example, the board 
game pieces and draughts pieces. The final product is 
then assembled and inspected, before being packed in a 
sealed bag and left to dry. It is then stored in a holding 
area prior to delivery.  
 
This paper explains in details on how to apply the 

TDABC method for the cost calculation in activity 
center 1–wood preparation only. The same TDABC 
process also applies within activity centers 2 and 3. The 
activity center 1–wood preparation process consists of 
six sub-activities: (i) employees transfer the wood from 
storage to the oven, (ii) wood is placed in the oven and 
oven-dried for 24 days, (iii) wood is allowed to cool 
and then employees transfer the wood from the oven to 
the drying area, (iv) wood is dried for another seven 
days, (v) employees transfer the wood from the drying 
area to the store, and (vi) wood is stored in the 
warehouse (post-drying).  

 
4.2 Estimated total cost of the resources used (cost 

of all resources supplied) 
If the resources used all fall under the same activity, 

costs can be allocated directly to that activity. However, 
if resources are used for several activities, an allocation 
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where  
Tt  = the time needed to perform an activity 

(minute). 
β0 = the standard time to perform the basic activity 

(minute). 
βi  = the estimated time to perform the incremental 

activity (minute). 
Xi  = the quantity of the incremental activity (time). 

 
Table 2 Capacity cost rate of each sub-activity for 
the wood preparation activity center 

No. Sub-Activities 

Cost of all 
resources 
supplied 

(฿/month) 

Practical 
capacity  

(min/month) 

Capacity 
cost rate  
(฿/min) 

[1] [2] [1]/[2]=[3] 

1 Transfer wood from  
storage to the oven 7,996.00 11,232.00 0.71 

2 Oven-dry the wood 24,214.67 11,232.00 2.16 

3 
Transfer the wood 
from the oven to the 
drying area 

7,996.00 11,232.00 0.71 

4 Dry the wood 3,448.00 10,080.00 0.34 

5 
Transfer the wood 
from the drying area 
to the store 

7,820.00 11,232.00 0.70 

6 Store the wood 2,686.65 3,744.00 0.72 
Total 54,161.32 58,752.00 

 
4.6. Determination of the estimated time for each 

activity 
A time equation is needed to be developed to calculate 

the estimated production time. The estimated time for 
each activity was determined based on the Motion and 
Time study principles. For example, the average time 
taken for the transfer of wood from the warehouse to 
the ovens was found to be 24.15 minutes per round. 
This figure was then multiplied by the relevant 
variables or cost-drivers to develop the time equation, 
as shown in Table 3. Each variable in the time equation 
is defined in Table 4.  

 
Table 3 Time equations for sub-activities of the wood 
preparation activity center 

No. Sub-Activities Time equations 

1 Transfer wood from storage to the 
oven 24.15X1 

2 Oven-dry the wood 10X2+10,368X3+ 
10X4+60X5  

3 Transfer the wood from the oven 
to the drying area 23.03X6  

4 Dry the wood 10,080X7  

5 Transfer the wood from the drying 
area to the store 22.25X8  

6 Store the wood 0.57X9  
 
From Table 3, the time equation for the wood preparation 

activity center was developed as shown in Equation (3)  
 
 
 
 

T wood preparation activity center = 24.15X1 +10X2 +10,368X3    
                    +10X4 +60X5 +23.03X6 
                    +10,080X7+22.25X8 

                     +0.57X9                            (3) 
 
4.7 Estimated capacity required by each activity 

center 
 The estimated capacity required by each activity was 
determined by quantifying the frequency of the activity 
in a month. By multiplying the amount of a given 
activity by the time spent doing it, one could calculate 
the total time spent on the activity. The volumes of 
cost-drivers for the wood preparation activity center are 
summarized in Table 4. 

 
Table 4 Volume of cost-drivers for the wood 
preparation activity center (unit: Quantity/month) 

Var. Driver Quantity/month 

X1 
Transfer wood from storage to the oven 
(rounds) 200 

X2 
Number of ovens operating 
(frequency/month) 2 

X3 Oven-dry the wood (frequency/month) 1 

X4 
Number of ovens not operating 
(frequency/month) 2 

X5 Waiting periods (frequency/month) 1 

X6 
Transfer the wood from the oven to the 
drying area (rounds) 160 

X7 Dry the wood (frequency/month) 1 

X8 
Transfer the wood from the drying area to 
the store (rounds) 160 

X9 Store the wood (amount of wood) 4,000 
 

 The actual time spent on this activity center per month 
was determined by substituting the volume of cost-drivers 
from Table 4 into Equation (3), as shown below. 
 
The actual time spent = (24.15×200) + (10×2) + 

(10,368×1) + (10×2) + 
(60×1) + (23.03×160) + 
(10,080×1) + (22.25×160) 
+ (0.57×4,000)  

     = 34,902.80 minutes. 
 

 The total time for the transfer of wood from the 
warehouse to the oven in one month can be represented 
by X1 equals 200 in 24.15X1, so that 24.15×200 = 4,830 
minutes. When multiplied by the capacity cost of 0.71 
Baht per minute, it can be determined that the total 
production cost of this activity comes out as 3,429.30 
Baht per month. Based on the same approach, the total 
production costs for each of the wood preparation 
sub-activities are shown in Table 5. This shows that the 
total production cost for the wood preparation activity 
center is 36,217.19 Baht per month. 
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Table 5 Elapsed times and total production costs for 
the wood preparation sub-activities 

No. Sub-Activities 
Used 
time 

 (min) 

Capacity 
cost rate  
(฿/min) 

Total cost 
(฿/month) 

1 
Transfer of wood 
from storage to the 
oven 

4,830.00 0.71 3,429.30 

2 Oven-dry the 
wood 10,468.00 2.16 22,610.88 

3 
Transfer the wood 
from the oven to 
the drying area 

3,684.80 0.71 2,616.21 

4 Dry the wood 10,080.00 0.34 3,427.20 

5 
Transfer the wood 
from the drying 
area to the store 

3,560.00 0.70 2,492.00 

6 Store the wood 2,280.00 0.72 1,641.60 
Total 34,902.80 36,217.19 

 
Calculated in the same way, the total production cost 

for the wood processing activity center is 89,313.87 
Baht, and the total production cost for the retail 
packaging and delivery activity center is 164,457.21 
Baht. 

 
After the time equations for the wood processing activity 

center and the retail packaging and delivery activity center 
were created. The time equation to calculate the total time 
spent in the production of the draughts product is 
presented in Equation (4), as shown below. 
 
T production of Draughts = 24.15X1 + 10X2 + 10,368X3    
              + 10X4 + 60X5 + 23.03X6 + 10,080X7 
              + 22.25X8 + 0.57X9 + X10+ 0.3X11 
              +1.14X12+0.45X13 + 2.05X14+ 0.34X15 
              + 0.48X16 + X17 + 1.01X18+ 0.53X19 
              + 0.38X20 + 2.03X21+1.57X22 + 0.58X23  

               + 1.48X24 + 2.54X25 + 1X26+ 1.22X27 
              + 0.1X28+ 0.2X29 + 1.03X30 + 4.42X31 
              + 4.05X32                                     (4) 

 
4.8 Calculation of cost per product unit (unit cost)  

The total cost of production can be obtained from the 
equation below: 

 
Total cost of production = cost of direct materials  

+ cost of direct labor  
+ cost of manufacturing overheads       (5) 

 
This process is explored in more detail below. 
 

 4.8.1 Cost of direct materials 
 A rain tree of 7,500 cubic centimeters costs 115 Baht a 
piece. A set of draughts pieces requires the use of 27.65 
cubic centimeters of wood, the wooden board uses 202.80 
cubic centimeters, and the wooden cover requires 196.75 
cubic centimeters. So, one complete draughts set uses a 
total of 427.20 cubic centimeters of wood, meaning the 
cost is (115/7,500) × 427.20 = 6.55 Baht per unit. 

4.8.2 Cost of direct labor and manufacturing 
overheads 
 The direct labor and manufacturing overhead costs 
incurred for producing a draughts set, using the 
TDABC method to calculate for each activity center, 
are as follows: 

1. Since the wood preparation activity could not be 
allocated directly to each product because it is batch 
produced, the total production cost had to be allocated 
across all products at an equal rate. The number of all 
products manufactured in November 2014 was 12,000, 
and the total production costs of the wood preparation 
activity center were 36,217.19, leading to a figure of 
36,217.19/12,000, or 3.02 Baht per unit. 

2. As with the wood processing activity center, the 
packaging and delivery activity center costs were 
divided by the number of draughts sets produced. The 
total number of draughts sets produced in November 2014 
was 4,000. The total cost of the wood processing activity 
center and the packaging and delivery activity center costs 
was 89,313.87 + 164,457.21, or 253,771.08 Baht. The unit 
cost for these two activity centers, was 253,771.08/4,000, 
or 63.44 Baht per unit. 

Thus, the direct unit labor costs and manufacturing 
overheads for producing draughts sets is 3.02 + 63.44 = 
66.46 Baht per unit. 

 
 4.8.3 Manufacturing cost per unit 
 Further to sections 4.8.1 and 4.8.2, we can conclude 
that the draughts production costs per unit (or set) is 
equal to 6.55 + 66.46, or 73.01 Baht per unit. 

 
 4.8.4 Product unit cost 
 The sales costs account for 10% of production costs, 
or equivalent to 7.30 Baht. Thus, the unit cost of each 
draughts set is 73.01 + 7.30, or 80.31 Baht. 

The current price charged by the company for a 
draughts set is 85 Baht. Thus, the company’s earnings 
per draught set are a mere 4.69 Baht. 
 

5  CONCLUSION AND DISCUSSION 
 

From the above data, it can be seen that the profit 
earned by the study company from selling draughts sets 
is very small; at just 4.69 Baht per unit. This figure is 
so low that the company is highly vulnerable to 
changes in the costs of resources or production factors 
such as labor and raw materials. By raising the sales 
price, the company’s immediate problem may be solved, 
but this raises the risk of losing customers and lowering 
the company’s ability to compete. As a result, the 
researchers have proposed ways to reduce production 
costs based on the analysis of capacity utilization; in 
order to increase production capacity and decrease unit 
costs. An example of how this might be done for the 
wood preparation activity center is described in Table 6. 
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where  
Tt  = the time needed to perform an activity 

(minute). 
β0 = the standard time to perform the basic activity 

(minute). 
βi  = the estimated time to perform the incremental 

activity (minute). 
Xi  = the quantity of the incremental activity (time). 

 
Table 2 Capacity cost rate of each sub-activity for 
the wood preparation activity center 

No. Sub-Activities 

Cost of all 
resources 
supplied 

(฿/month) 

Practical 
capacity  

(min/month) 

Capacity 
cost rate  
(฿/min) 

[1] [2] [1]/[2]=[3] 

1 Transfer wood from  
storage to the oven 7,996.00 11,232.00 0.71 

2 Oven-dry the wood 24,214.67 11,232.00 2.16 

3 
Transfer the wood 
from the oven to the 
drying area 

7,996.00 11,232.00 0.71 

4 Dry the wood 3,448.00 10,080.00 0.34 

5 
Transfer the wood 
from the drying area 
to the store 

7,820.00 11,232.00 0.70 

6 Store the wood 2,686.65 3,744.00 0.72 
Total 54,161.32 58,752.00 

 
4.6. Determination of the estimated time for each 

activity 
A time equation is needed to be developed to calculate 

the estimated production time. The estimated time for 
each activity was determined based on the Motion and 
Time study principles. For example, the average time 
taken for the transfer of wood from the warehouse to 
the ovens was found to be 24.15 minutes per round. 
This figure was then multiplied by the relevant 
variables or cost-drivers to develop the time equation, 
as shown in Table 3. Each variable in the time equation 
is defined in Table 4.  

 
Table 3 Time equations for sub-activities of the wood 
preparation activity center 

No. Sub-Activities Time equations 

1 Transfer wood from storage to the 
oven 24.15X1 

2 Oven-dry the wood 10X2+10,368X3+ 
10X4+60X5  

3 Transfer the wood from the oven 
to the drying area 23.03X6  

4 Dry the wood 10,080X7  

5 Transfer the wood from the drying 
area to the store 22.25X8  

6 Store the wood 0.57X9  
 
From Table 3, the time equation for the wood preparation 

activity center was developed as shown in Equation (3)  
 
 
 
 

T wood preparation activity center = 24.15X1 +10X2 +10,368X3    
                    +10X4 +60X5 +23.03X6 
                    +10,080X7+22.25X8 

                     +0.57X9                            (3) 
 
4.7 Estimated capacity required by each activity 

center 
 The estimated capacity required by each activity was 
determined by quantifying the frequency of the activity 
in a month. By multiplying the amount of a given 
activity by the time spent doing it, one could calculate 
the total time spent on the activity. The volumes of 
cost-drivers for the wood preparation activity center are 
summarized in Table 4. 

 
Table 4 Volume of cost-drivers for the wood 
preparation activity center (unit: Quantity/month) 

Var. Driver Quantity/month 

X1 
Transfer wood from storage to the oven 
(rounds) 200 

X2 
Number of ovens operating 
(frequency/month) 2 

X3 Oven-dry the wood (frequency/month) 1 

X4 
Number of ovens not operating 
(frequency/month) 2 

X5 Waiting periods (frequency/month) 1 

X6 
Transfer the wood from the oven to the 
drying area (rounds) 160 

X7 Dry the wood (frequency/month) 1 

X8 
Transfer the wood from the drying area to 
the store (rounds) 160 

X9 Store the wood (amount of wood) 4,000 
 

 The actual time spent on this activity center per month 
was determined by substituting the volume of cost-drivers 
from Table 4 into Equation (3), as shown below. 
 
The actual time spent = (24.15×200) + (10×2) + 

(10,368×1) + (10×2) + 
(60×1) + (23.03×160) + 
(10,080×1) + (22.25×160) 
+ (0.57×4,000)  

     = 34,902.80 minutes. 
 

 The total time for the transfer of wood from the 
warehouse to the oven in one month can be represented 
by X1 equals 200 in 24.15X1, so that 24.15×200 = 4,830 
minutes. When multiplied by the capacity cost of 0.71 
Baht per minute, it can be determined that the total 
production cost of this activity comes out as 3,429.30 
Baht per month. Based on the same approach, the total 
production costs for each of the wood preparation 
sub-activities are shown in Table 5. This shows that the 
total production cost for the wood preparation activity 
center is 36,217.19 Baht per month. 

 
 
 
 
 



－　14　－

Ramida PONGWASIT and Rungchat CHOMPU-INWAI 

- 14 - 

Table 6 Analysis of capacity utilization in the wood 
preparation activity center  
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  [1] [2] [3]=[1]-
[2] [4] [3]×[4] 

1 

Transfer 
of wood 
from  
storage to 
the oven 

11,232.00 4,830.00 6,402.00 0.71 4,545.42 

2 Oven-dry 
the wood 11,232.00 10,468.00 764.00 2.16 1,650.24 

3 

Transfer 
the wood 
from  
the oven 
to the 
drying 
area 

11,232.00 3,684.80 7,547.20 0.71 5,358.51 

4 Dry the 
wood 10,080.00 10,080.00 0.00 0.34 0.00 

5 

Transfer 
the wood 
from  
the 
drying 
area to 
the store 

11,232.00 3,560.00 7,672.00 0.70 5,370.40 

6 Store the 
wood 3,744.00 2,280.00 1,464.00 0.72 1,054.08 

Total 58,752.00 34,902.80 23,849.20 17,978.65 

 
Having analyzed the production cost using TDABC, 

we have been able to identify un-used capacity; which 
results in waste costs, as summarized in Table 6. Table 
6 shows that within the wood preparation activity 
center, the sub-activity ‘transferring the wood from the 
drying area to the store’ incurs a lot of waste, at 
5,370.40 Baht. This is followed by the transfer of wood 
from the oven to the drying area stage, with a waste 
level of 5,358.51 Baht and then the transfer of wood 
from storage to the oven process, which incurs 
4,545.42 Baht of waste. Among these three 
sub-activities, it was found that all the wasted costs are 
related to transportation. This one wood collector 
should be deployed on another activity, one that does 
not have sufficient work capacity, as this will help 
reduce the amount of un-used capacity. 

The researchers discovered that using TDABC to 
identify production costs was consistent with the actual 
use of resources at the study company. It was found 
that the cost of each product is different due to the 
varying factors affecting the costs of producing them. 
Complex products take longer time to produce, and 
those that involve a lot of process steps tend to be high 
cost.  

The results of this study have given the case study 
company a clear view on what their appropriate selling 

prices should be, and have also identified those 
processes that take a particularly long time. The study 
has also shown that the company can improve the 
process in order to reduce costs. The analysis has 
highlighted which activities add value and which 
activities are wasteful, as well as the difficulties to be 
found in the manufacturing process. By improving 
efficiency, resource waste can be reduced, particularly 
by optimizing production and reducing the number of 
work steps. This will lead to lower costs and improve 
productivity, as the product costs should arise only 
from value added activities. 
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Abstract 
Problems found in the management of finished products within Thailand’s food and agricultural 
industries include a high volume of finished goods having to be distributed, yet a lack of information 
being exchanged among the key players. This research study; therefore, employed benchmarking 
techniques to assess inventory management performance at the case study company and so improve 
its inventory management processes. The research methodology comprised of four main steps, 
according to the benchmarking process introduced by Xerox Corporation, these being: planning, 
analysis, integration and action. A study into the finished goods inventory processes at the case study 
organization covered four key processes, these being: the receipt of goods, the movement of goods for 
storage, the transportation of goods within the warehouse, and storage itself. Indicators were 
developed to ascertain the best practices and to analyze how those benchmarking partners could 
enable such practices. The results were then employed to develop the action plans for the case study 
company. In total 20 indicators were used in the research study in relation to finished product 
management. As a result of this research, an analysis of enablers for each activity and best practice 
led to the development of the action plans for the case study company; for it to use to improve the 
processes within its warehouse management operation. 
 
Keywords: Inventory management, Benchmarking, Food and agricultural industries 
 
 

 
 

1  INTRODUCTION 
 

When talking about high income-generating industries 
in Thailand, there is no doubt that the food and 
agricultural industries as a whole are among those 
which generate the most income (1). Thailand’s food 
and agricultural industries have been an important part 
of the Thai economy, as well as the Thai way of life 
which focuses on agriculture. However, nowadays, the 
country’s competitive capability has been declining. 
Furthermore, since the country embraced the concept of 
free trade areas, organizations have needed to enhance 
their competitiveness, and inventory management is 
considered a critical element of this, one that requires 

close attention. This is due to the fact that the main 
objective of inventory management is to create a 
balance between the needs of the organization and its 
customers (2), plus the fact that working capital 
becomes a sunk cost when it is held as inventory. One 
problem found in the food and agricultural industries is 
the high levels of inventory found among finished 
goods, often leading to congestion within warehouses. 
This also impacts on the quality of food and 
agricultural products with a limited shelf life (3). 
Additionally, according to (3), there is lack of effective 
information exchange among manufacturers in 
Thailand’s food and agricultural industries. As 
consequence, the Thai government is promoting 
industry clustering, through the creation of networks 
within and between industries; so as to strengthen them 
and enhance their process effectiveness (4). 
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Table 6 Analysis of capacity utilization in the wood 
preparation activity center  
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  [1] [2] [3]=[1]-
[2] [4] [3]×[4] 

1 

Transfer 
of wood 
from  
storage to 
the oven 

11,232.00 4,830.00 6,402.00 0.71 4,545.42 

2 Oven-dry 
the wood 11,232.00 10,468.00 764.00 2.16 1,650.24 

3 

Transfer 
the wood 
from  
the oven 
to the 
drying 
area 

11,232.00 3,684.80 7,547.20 0.71 5,358.51 

4 Dry the 
wood 10,080.00 10,080.00 0.00 0.34 0.00 

5 

Transfer 
the wood 
from  
the 
drying 
area to 
the store 

11,232.00 3,560.00 7,672.00 0.70 5,370.40 

6 Store the 
wood 3,744.00 2,280.00 1,464.00 0.72 1,054.08 

Total 58,752.00 34,902.80 23,849.20 17,978.65 

 
Having analyzed the production cost using TDABC, 

we have been able to identify un-used capacity; which 
results in waste costs, as summarized in Table 6. Table 
6 shows that within the wood preparation activity 
center, the sub-activity ‘transferring the wood from the 
drying area to the store’ incurs a lot of waste, at 
5,370.40 Baht. This is followed by the transfer of wood 
from the oven to the drying area stage, with a waste 
level of 5,358.51 Baht and then the transfer of wood 
from storage to the oven process, which incurs 
4,545.42 Baht of waste. Among these three 
sub-activities, it was found that all the wasted costs are 
related to transportation. This one wood collector 
should be deployed on another activity, one that does 
not have sufficient work capacity, as this will help 
reduce the amount of un-used capacity. 

The researchers discovered that using TDABC to 
identify production costs was consistent with the actual 
use of resources at the study company. It was found 
that the cost of each product is different due to the 
varying factors affecting the costs of producing them. 
Complex products take longer time to produce, and 
those that involve a lot of process steps tend to be high 
cost.  

The results of this study have given the case study 
company a clear view on what their appropriate selling 

prices should be, and have also identified those 
processes that take a particularly long time. The study 
has also shown that the company can improve the 
process in order to reduce costs. The analysis has 
highlighted which activities add value and which 
activities are wasteful, as well as the difficulties to be 
found in the manufacturing process. By improving 
efficiency, resource waste can be reduced, particularly 
by optimizing production and reducing the number of 
work steps. This will lead to lower costs and improve 
productivity, as the product costs should arise only 
from value added activities. 
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Benchmarking involves exchanging knowledge, 
experience and best practices between organizations, 
based on the concept that no one organization is good 
at everything, but that some organizations are better at 
doing things than others. Learning from other 
organizations’ first-hand experience, and then applying 
this as appropriate can save time and reduce the 
number of operational steps required based on trial and 
error process (5). Benchmarking is critical importance to 
management teams, as it can help improve performance 
effectiveness, through the selection of best practice and 
its application within one’s own work processes. This 
does not reflect imitation, but rather a creation process 
based on learning first-hand.  

According to previous research studies, benchmarking 
is employed in a variety of food and agricultural 
industries contexts; for example, benchmarking has 
been used in the supply chain of the food industries of 
Russia and Finland (6); to examine the differences 
between Finnish and Russian food industry supply 
chains. The main objective is to find out the reasons for 
low productivity in Russian food. The results of the 
study suggest that differences in productivity can be 
attributed to the operating environment and the level of 
technology employed. Another research study (7) 
employed benchmarking to compare levels of 
participation in new product development among 
suppliers in the food industry in the Netherlands, using 
a questionnaire-based survey. 

As part of this research, a study was conducted into 
the finished goods inventory processes of the case 
study company, which is a food and agricultural 
product manufacturer in Thailand and chiefly produces 
spices and processed agricultural products. Currently, 
the case study organization is experiencing a shortage 
of storage space for its finished goods, and as a result is 
having to rent additional warehouses. This results in 
higher costs and additional management processes. For 
this study, benchmarking was then used to improve the 
finished goods inventory management for the case 
study company. The aim was to create greater levels of 
knowledge sharing between it and its benchmarking 
partners based on the exchange of information, such as 
that related to operational processes. This information 
then used to drive related activities and to enhance 
management effectiveness. The results obtained were 
employed to improve finished goods inventory 
processes at the case study company. 

 
2  RESEARCH METHODOLOGY 

 
The research methodology was based on 

benchmarking initiatives carried out by Xerox 
Corporation (8), and comprised four key steps, these 
being: planning, analysis, integration and action, as 
shown in Figure 1. As part of the study a production 
action plan was also produced, this being presented to 
the case study company. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Benchmarking steps introduced by Xerox 
Corporation (8) 

 
From Fig.1, benchmarking can be divided into four 

key steps, as follows: 
1. Planning 

- Select the benchmarking subject by 
identifying a problem area; one that requires 
improvement. 

- Identify potential benchmarking partners by 
selecting organizations with similar 
operational activities. 

- Identify the data collection method to be 
used, and the data to be collected, by 
identifying those key performance indicators 
(KPIs) relevant to the process. 

2. Analysis 
- A gap analysis was conducted to determine 

how the benchmarking partners developed 
their best practices and what enablers they 
have used to attain such best practices 

- A projection of potential differences 
vis-à-vis the benchmarking partners was also 
conducted. 

3. Integration 
- Integration was carried out by 

communicating the results to with key staff 
in the case study company, those responsible 
for relevant activities, and for the purpose of 
setting targets. 

4. Action 
- Process action plans were developed based 

on the results obtained, then merged to 
create an overall action plan. 

- Implementation and monitoring was carried 
out to ensure that the results were consistent 
with the plan. 

- Continuous improvement was conducted 
through a review of the results and a 
comparison of these against those of the 
benchmarking partners, to determine whether 

1. Planning 

2. Analysis 

3. Integration 

4. Action 

1. Identify the subject of benchmarking exercise 

2. Select benchmarking partner 

3. Define data collection methods and data collection process 

4. Gap analysis (at present) 

5. Project potential differences 

6. Communicate analysis results to concerned parties 

7. Set target (functional goals) 

8. Develop action plans 

9. Implement and monitor 

10. Continuous improvement 
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the organization should carry out further 
benchmarking. 

 
3   RESEARCH RESULTS 

 
The details of the research results are as follows: 
 

3.1 Identification of the subject of the benchmarking 
exercise 
When selecting an area for benchmarking, the 

objective should be a specific area or process requiring 
improvement (9), and the area selected should be 
consistent with the strategic direction of the company 
involved (10). One major problem that many companies 
in the food and agricultural industries face is high 
finished goods inventory levels prior to distribution, as 
this impact adversely on the utilization of storage space 
within warehouses. The case study company is no 
exception to this, as it operates in the processed 
agricultural product manufacturing industry, for which 
production costs critically depend on raw materials 
prices at a given time. When prices fall, production 
rates increase, leading to the storage of more finished 
products, a shortage of storage space, and the creation 
of ‘dead’ stock, in which a large number of products go 
past their expiry date due to a lack of systematic 
inventory management. As a result, this research 
focused on the selection of a problem area in the 
warehouse management system at the case study 
company, for benchmarking against systems in other 
companies. The subject of the benchmarking exercise 
was identified to be the management of finished goods 
inventory. The finished goods warehousing process at 
the case study company is shown in Fig.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Finished goods warehousing process at the case 

study company 
 
The finished goods warehouse process can be divided 

into four key steps, as follows: 
1. Receipt of goods; transporting products to the 

warehouse for receipt and storage. 
2. Movement of goods: The process of moving 

goods into the warehouse, for storage. 
3. Transportation of goods: The process of 

preparing the stored goods for transportation to the 
customer. 

4. Storage: The process of goods arrangement, 
including storage methods and location assignment.  

 
The researchers conducted a review of the previous 

research carried out on this topic and generated KPIs to 
use to carry out an assessment of the four key areas, as 
follows: 

1. Receipt of goods (R) – At the case study 
company, this process begins with an examination of 
the documents attached to the finished goods. After 
verification of the documents, product information is 
logged in accordance with the product codes. The KPIs 
for this process are as follows: 

-  Complete and accurate inventory logging (R1) 
facilitates the dispatch of finished goods and 
helps reduce inventory levels (11). 

-  The warehouse management operational system 
(R2) helps ensure that inventory management 
and planning activities are managed in an 
appropriate and effective manner (12). 

-  Receipt of goods standards (R3) can help 
minimize steps in the overall process by 
eliminating unnecessary steps (13). 

-  Standard codes used for finished goods (R4) 
facilitate operational processes (14) and the 
systematic controls of activities in the finished 
goods warehouse. 

-  The inventory accuracy rate (R5) is employed to 
support financial and operational processes (15) 

2. Movement of goods into storage (M) – After 
verification of the documents,  the finished goods are 
moved into storage, based on the assignment of a 
location in accordance with the product category. The 
KPIs for this are described below. 

-  Put-away (M1) affects the overall warehouse 
KPIs, as this activity is concerned with the 
accuracy of information. 

- Put-away rate (M2) (13) is an indicator used to 
assess the effectiveness of performance based on 
a unit of time. 

-  Design of storage process (M3) reflects the 
allocation of volumes to be moved into storage 
per cycle (13). 

3. Transportation of goods within the warehouse (T) 
– After the finished goods have been stored, activities 
related to their transportation out of the warehouse are 
carried out, such as delivery to customers and random 
inspections by the quality control department. For the 
case study organization, finished goods are transported 
by cart or a forklift truck along designated routes, so as 
to prevent contamination. The KPIs for these activities 
are as follows: 

- Design of the warehouse layout (T1) (13); 
conducted in order to enhance competitiveness. 

1. Receive goods from packing department 
( goods inspection) 

2. Movement of goods into storage 

3. Transportation of goods within the warehouse 

4. Storage of goods in the finished good warehouse 
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Benchmarking involves exchanging knowledge, 
experience and best practices between organizations, 
based on the concept that no one organization is good 
at everything, but that some organizations are better at 
doing things than others. Learning from other 
organizations’ first-hand experience, and then applying 
this as appropriate can save time and reduce the 
number of operational steps required based on trial and 
error process (5). Benchmarking is critical importance to 
management teams, as it can help improve performance 
effectiveness, through the selection of best practice and 
its application within one’s own work processes. This 
does not reflect imitation, but rather a creation process 
based on learning first-hand.  

According to previous research studies, benchmarking 
is employed in a variety of food and agricultural 
industries contexts; for example, benchmarking has 
been used in the supply chain of the food industries of 
Russia and Finland (6); to examine the differences 
between Finnish and Russian food industry supply 
chains. The main objective is to find out the reasons for 
low productivity in Russian food. The results of the 
study suggest that differences in productivity can be 
attributed to the operating environment and the level of 
technology employed. Another research study (7) 
employed benchmarking to compare levels of 
participation in new product development among 
suppliers in the food industry in the Netherlands, using 
a questionnaire-based survey. 

As part of this research, a study was conducted into 
the finished goods inventory processes of the case 
study company, which is a food and agricultural 
product manufacturer in Thailand and chiefly produces 
spices and processed agricultural products. Currently, 
the case study organization is experiencing a shortage 
of storage space for its finished goods, and as a result is 
having to rent additional warehouses. This results in 
higher costs and additional management processes. For 
this study, benchmarking was then used to improve the 
finished goods inventory management for the case 
study company. The aim was to create greater levels of 
knowledge sharing between it and its benchmarking 
partners based on the exchange of information, such as 
that related to operational processes. This information 
then used to drive related activities and to enhance 
management effectiveness. The results obtained were 
employed to improve finished goods inventory 
processes at the case study company. 

 
2  RESEARCH METHODOLOGY 

 
The research methodology was based on 

benchmarking initiatives carried out by Xerox 
Corporation (8), and comprised four key steps, these 
being: planning, analysis, integration and action, as 
shown in Figure 1. As part of the study a production 
action plan was also produced, this being presented to 
the case study company. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Benchmarking steps introduced by Xerox 
Corporation (8) 

 
From Fig.1, benchmarking can be divided into four 

key steps, as follows: 
1. Planning 

- Select the benchmarking subject by 
identifying a problem area; one that requires 
improvement. 

- Identify potential benchmarking partners by 
selecting organizations with similar 
operational activities. 

- Identify the data collection method to be 
used, and the data to be collected, by 
identifying those key performance indicators 
(KPIs) relevant to the process. 

2. Analysis 
- A gap analysis was conducted to determine 

how the benchmarking partners developed 
their best practices and what enablers they 
have used to attain such best practices 

- A projection of potential differences 
vis-à-vis the benchmarking partners was also 
conducted. 

3. Integration 
- Integration was carried out by 

communicating the results to with key staff 
in the case study company, those responsible 
for relevant activities, and for the purpose of 
setting targets. 

4. Action 
- Process action plans were developed based 

on the results obtained, then merged to 
create an overall action plan. 

- Implementation and monitoring was carried 
out to ensure that the results were consistent 
with the plan. 

- Continuous improvement was conducted 
through a review of the results and a 
comparison of these against those of the 
benchmarking partners, to determine whether 

1. Planning 

2. Analysis 

3. Integration 

4. Action 

1. Identify the subject of benchmarking exercise 

2. Select benchmarking partner 

3. Define data collection methods and data collection process 

4. Gap analysis (at present) 

5. Project potential differences 

6. Communicate analysis results to concerned parties 

7. Set target (functional goals) 

8. Develop action plans 

9. Implement and monitor 

10. Continuous improvement 
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- Design of materials flows (T2) (13); will be 
effective or not depending upon the type of 
warehouse management activities used at an 
organization.  

- Order picking (T3) (16); represents how effective 
each organization manages its warehouse 
system. 

- Order picking speed (T4); indicates the amount 
of goods picked per time unit. 

4. Storage (H) – The case study organization stores 
each type of finished goods with a safety stock 
maintained, in order to respond to customer 
requirements. Most finished goods are stored for no 
longer than their shelf-life, which is approximately one 
year. In addition, an extra warehouse is also used in 
case there is inadequate storage space. The KPIs for 
this process are described below: 

- FIFO method (H1): A major concern of the food 
and agricultural industries is the shelf-life of 
products. Therefore, any organizations that can 
employ a FIFO (first in first out) method 
properly will be able to carry out its warehouse 
operations effectively (17). 

- Management of dead stock in excess of 
six-month period (H2) should be considered, so 
as to facilitate the optimal use of finished goods 
storage space (17). 

- Use of a computerized inventory management 
system (H3); to provide more accurate stock 
information (18). 

- Review reserve storage (H4) when 
manufacturing seasonal products (13) 

- Inventory turnover ratio (H5); employed to 
assess the effectiveness of the inventory 
management process (11). 

- Inventory and opportunity cost (H6) are 
calculated in order to respond to changes in 
factors which do not impact on consumer 
demand (16). 

- Warehouse space utilization ratio (H7) is 
calculated to improve the effectiveness of 
warehouse operations (16). 

- Average inventory day (H8) is the period over 
which the company reserves finished goods, to 
respond to customer orders. 

  
The assessment of each KPI could be divided into 

two, based on the types of data being used, as follows: 
1. Quantitative data provided an assessment of the 

results in the form of numbers. In this research, 
quantitative data was collected from the actual 
operational processes and from interview with 
workers in the warehouse department. 

2. Qualitative data was assessed jointly by the 
researchers and those responsible for particular 
activities, using a scoring rubric (19) with a scale 
from 1 to 5. The scores were obtained from an 
observation of the processes and from 

interviews with those directly involved in the 
activities. 

 
In total there were 20 KPIs used for the finished 

goods inventory management process, and there were 
divided into five KPIs for receipt of goods, three KPIs 
for the movement of goods into storage, four KPIs for 
the transportation of goods, and eight KPIs for storage 
itself. In this paper; however, only two KPIs are 
described, as shown in Figure 3, for which the KPI for 
the receipt of goods (R3) is based on qualitative data, 
while the KPI for the put-away rate (M2) is based on 
quantitative data.  

Table 1. Examples of indicators used for the receipt of 
goods and the movement of goods into storage 

Objective Assessment Criteria 
Receipt of goods  
R3- Receipt of goods standards 
Help 
eliminate 
unnecessary 
steps, so 
facilitating 
improved 
performance. 

1 = Load and inspect 
goods before receiving 
2 = Immediate 
movement of goods 
into storage 
3 = Immediate 
transportation of goods 
for dispatch 
4 = Immediate delivery 
to final customers 
5 = Preparation prior to 
receiving goods 

Assessment 
scored on a 
scale of 1 to 
5 

Movement of goods into storage  
M2- Put-away rate 
Put-away 
rate indicates 
how 
effective an 
organization 
carries out 
its storage 
activities 

     

 
Unit: 
pallets/worker/hour 

Score 
derived from 
the equation 

 
3.2 Potential benchmarking partner selection 

Even though competition among organizations is 
often intense, benchmarking can lead to cooperation 
between them (10). Based on this idea, the organizations 
selected for the case study company were from the 
same business sector: the processed food and 
agricultural product manufacturing industries. Also 
located within the same province, these organizations 
employ the same level of warehouse management 
technology as the case study company, meaning they 
manage their finished goods warehouse by directly 
employing workers. Two companies met the criteria 
and agreed to participate in the benchmarking exercise, 
namely the case study company (Company C), 
Company A and Company B. The details of each 
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company are as follows: 
1. The case study company itself is a small and 

medium-sized manufacturer of processed 
agricultural products, mainly spices and other 
processed foods. Its major customers are 
leading companies in the processed food and 
semi-finished products industries. At present, 
this organization is experiencing an issue with 
inadequate storage space for its finished goods, 
resulting in higher costs and additional 
management processes. 

2. Company A is a small and medium-sized 
manufacturer of processed agricultural food 
products, mainly canned vegetables. Having 
built a strong base of domestic customers, the 
organization is now also competing on 
international markets. 

3. Company B is a well-known Thai manufacturer 
and exporter of canned seasonal fruit and 
vegetables. Due to the wide variety of products 
it offers, the organization has been able to 
respond to consumer demand across all its 
product segments. 

Based on this information, the researchers selected 
these benchmarking partner/companies, all from within 
the same industry. The results of an analysis of enablers 
were later presented to the case study organization; to 
solve the problems found within its finished goods 
inventory activities.  

 
3.3 Data collection method and data collection 
process 

Data collection is a process required within 
research to obtain both quantitative and qualitative data 
from selected sources, and for the effective analysis of 
enablers (10). The data collection process for this study 
was carried out as follows: 

1. Personal interviews with the warehouse 
supervisor and workers were conducted to 
obtain information on the operational activities 
related to the four warehouse work areas of 
concern, and all detailed responses were 
documented. An interview provides specific 
details and responses regarding the object of 
study. Prior to the interviews for this study, the 
researchers had to familiarize themselves with 
the questions, to ensure accuracy of the 
information to be incorporated into the KPI 
assessment. 

2. Observation: The researchers collected data by 
observing worker operations, and data obtained 
was recorded without having to inquire further. 
This method was used for some KPIs, such as 
order picking speeds, by observing the 
operational processes used and recording the 
processing times for each activity. This was 
done to prevent workers from feeling nervous, 
and to obtain results as close to the actual 

day-to-day figures as possible.  
 

3.4 Gap analysis 
After obtaining the data and comparing the 

indicators from the three companies, an analysis was 
carried out of the processes and the qualitative and 
quantitative data concerning the operations, to 
determine as to which organizational best practices 
should be utilized by the case study company. Details 
of analysis are described below. 

  
3.4.1. The analysis of the quantitative data included 

a gap analysis, which was conducted by collecting data 
on the finished goods warehouse management 
processes from the case study and the benchmarking 
partners. The results were then used as part of a gap 
analysis, such as of the order picking speeds (T4) of the 
companies, as detailed below.  

 
Table 2. Example of Comparison of a Quantitative  

Indicator (T4) 
 

 
The order picking speed was calculated using 

equation (1): 
 

     (1)        
 
From the calculation, Company B achieved the best 

order picking speed, at 4.5 pallets/worker/hour, while 
the case study organization and Company A produced 
results of 3.1 pallets and 3.3 pallets respectively. 
 

3.4.2. An analysis of qualitative data was conducted 
through the collection of data on operational processes 
within the organization, and the use of a scoring rubric 
based on a scale of 1 to 5 (least to most). The results 
were then compared against one another so as to 
determine the advantages and disadvantages of each 
process, which would lead to which represented best 
practice. For example, the indicator (H3) represents a 
computerized program employed in inventory 
management. A computerized program can effectively 
assist in warehouse management, such as by lowering 
finished goods inventory levels. It was found that all 
the study organizations employed a computerized 

Indicator Measuring 
unit 

Organization 
A B C 

T4 Order Picking 
Speed 
- No. of Products 

Picked 
- No. of Workers 
- Time Employed 

 
 
Pallet 
 
Worker 
Hour 

 
 

25 
 

5 
1.5 

 
 

18 
 

4 
1 

 
 

25 
 

4 
2 

Order picking 
speed 

Pallet/worker/
hour 

3.3 4.5 3.1 
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- Design of materials flows (T2) (13); will be 
effective or not depending upon the type of 
warehouse management activities used at an 
organization.  

- Order picking (T3) (16); represents how effective 
each organization manages its warehouse 
system. 

- Order picking speed (T4); indicates the amount 
of goods picked per time unit. 

4. Storage (H) – The case study organization stores 
each type of finished goods with a safety stock 
maintained, in order to respond to customer 
requirements. Most finished goods are stored for no 
longer than their shelf-life, which is approximately one 
year. In addition, an extra warehouse is also used in 
case there is inadequate storage space. The KPIs for 
this process are described below: 

- FIFO method (H1): A major concern of the food 
and agricultural industries is the shelf-life of 
products. Therefore, any organizations that can 
employ a FIFO (first in first out) method 
properly will be able to carry out its warehouse 
operations effectively (17). 

- Management of dead stock in excess of 
six-month period (H2) should be considered, so 
as to facilitate the optimal use of finished goods 
storage space (17). 

- Use of a computerized inventory management 
system (H3); to provide more accurate stock 
information (18). 

- Review reserve storage (H4) when 
manufacturing seasonal products (13) 

- Inventory turnover ratio (H5); employed to 
assess the effectiveness of the inventory 
management process (11). 

- Inventory and opportunity cost (H6) are 
calculated in order to respond to changes in 
factors which do not impact on consumer 
demand (16). 

- Warehouse space utilization ratio (H7) is 
calculated to improve the effectiveness of 
warehouse operations (16). 

- Average inventory day (H8) is the period over 
which the company reserves finished goods, to 
respond to customer orders. 

  
The assessment of each KPI could be divided into 

two, based on the types of data being used, as follows: 
1. Quantitative data provided an assessment of the 

results in the form of numbers. In this research, 
quantitative data was collected from the actual 
operational processes and from interview with 
workers in the warehouse department. 

2. Qualitative data was assessed jointly by the 
researchers and those responsible for particular 
activities, using a scoring rubric (19) with a scale 
from 1 to 5. The scores were obtained from an 
observation of the processes and from 

interviews with those directly involved in the 
activities. 

 
In total there were 20 KPIs used for the finished 

goods inventory management process, and there were 
divided into five KPIs for receipt of goods, three KPIs 
for the movement of goods into storage, four KPIs for 
the transportation of goods, and eight KPIs for storage 
itself. In this paper; however, only two KPIs are 
described, as shown in Figure 3, for which the KPI for 
the receipt of goods (R3) is based on qualitative data, 
while the KPI for the put-away rate (M2) is based on 
quantitative data.  

Table 1. Examples of indicators used for the receipt of 
goods and the movement of goods into storage 

Objective Assessment Criteria 
Receipt of goods  
R3- Receipt of goods standards 
Help 
eliminate 
unnecessary 
steps, so 
facilitating 
improved 
performance. 

1 = Load and inspect 
goods before receiving 
2 = Immediate 
movement of goods 
into storage 
3 = Immediate 
transportation of goods 
for dispatch 
4 = Immediate delivery 
to final customers 
5 = Preparation prior to 
receiving goods 

Assessment 
scored on a 
scale of 1 to 
5 

Movement of goods into storage  
M2- Put-away rate 
Put-away 
rate indicates 
how 
effective an 
organization 
carries out 
its storage 
activities 

     

 
Unit: 
pallets/worker/hour 

Score 
derived from 
the equation 

 
3.2 Potential benchmarking partner selection 

Even though competition among organizations is 
often intense, benchmarking can lead to cooperation 
between them (10). Based on this idea, the organizations 
selected for the case study company were from the 
same business sector: the processed food and 
agricultural product manufacturing industries. Also 
located within the same province, these organizations 
employ the same level of warehouse management 
technology as the case study company, meaning they 
manage their finished goods warehouse by directly 
employing workers. Two companies met the criteria 
and agreed to participate in the benchmarking exercise, 
namely the case study company (Company C), 
Company A and Company B. The details of each 
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program in their warehouse departments, and in this 
study Organization A was found to have the most 
effective warehouse management program, one which 
provides detailed information on each product 
category. The results of the analysis of all KPIs are 
shown in Table 3.  

 
Table 3. KPI comparison across all three study 

companies 

 
The results of the KPI comparison between the four 

key processes are shown in Table 2 and from these 
results one can draw the following conclusions: 

1. Receipt of goods: The companies with the best 
practice for each activity, these being: basic 
warehouse management operations system 
(R2), receipt of goods standards (R3), a 
standard code for finished goods (R4), and the 
inventory accuracy rate (R5), were Company A 
and C, Company C, Company A and C, and 
Company A respectively. 

2. As for movement of goods into storage, all the 
companies revealed similar results, and none of 
them achieved best practices.  

3. For the transportation of goods within the 
warehouse, these activities being: design of 
material flows (T2), order picking (T3), and 
order picking speed (T4), the organizations 
with the best practice were Company C, 
Company B and Company B respectively. 

4. The results of the assessment of storage 
activities in terms of the management of dead 
stock over a 6-month period (H2), the 
computerized inventory management system 

(H3), reserve storage (H4), inventory and 
opportunity costs (H6) and space utilization 
ratio (H7) showed that Company A achieved 
the best practices, while Company C attained 
the best practice in terms of average inventory 
days (H8). 

 
3.5 Potential differences and enablers analysis 

Enablers, meaning those factors that enable an 
organization to attain best practice, were identified for 
each individual KPIs so that the case study company 
would be able to apply them its own processes. 
Typically, there are a number of enabler analysis 
methods. In this case; however, the researchers 
analyzed potential enablers by visiting the case study 
company and holding a personal interview with the 
head of the warehouse department, to glean in-depth 
information on the best practices used. This facilitated 
an effective analysis of potential enablers. An example 
of such an analysis, of the KPI for order picking speed, 
is shown in Table 4.  

Table 4. Example of enabler analysis 

 
3.6 Communication of results to concerned parties 

Any conclusions developed for the analysis of 
enablers across the benchmarking partners were 
presented to concerned parties within the case study 
organization, so as to set targets for improving 
inventory management operations.  
 
3.7 Setting targets (functional goals) 

The data collected and analyzed was then used to 
determine the targets, to be used; however, these 
required approval to be gained from all the concerned 
parties; in terms of their practicality. Table 5 shows the 
targets set for the order picking speed KPI.  

 
Table 5. Example of Targets for the KPI (Order 

Picking Speed) 

 
Based on the KPI developed for order picking speed 

(T4), the results show that the current order picking 
speed at the case study organization is 3.13 

Indica
tor 

code 

Assessment score Benchmark 
A B C* 

R1 5 5 5 - 
R2 5 4 5 A,C 
R3 2 2 5 C 
R4 4 3 4 A,C 
R5 97.23% 94.72% 93.58% A 
M1 1 1 1 - 
M2 1 1 1 - 
M3 3 3 3 - 
T1 4 4 4 - 
T2 2 2 3 C 
T3 2 3 1 B 
T4 3.3 4.5 3.13 B 
H1 4 4 4 - 
H2 4 3 3 A 
H3 5 3 4 A 
H4 4 2 2 A 
H5 1 1 1 - 
H6 4 2 1 A 
H7 42.12% 35.85% 32.5% A 
H8 1 1 3 C 

Action Enabler 
Picking 
orders quickly 

- Clear categorization of finished 
goods 
-Storage locations are visibly recorded 
on a board 

Indicator Current 
Performance 

Target Deadline 

Order picking 
speed 
(pallets/worker
/hour) 

3.13 4.5 March 
2015 
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pallets/worker/hour. The researchers and head of the 
finished goods warehouse; therefore, set a target to 
increase the speed, to match that of the best performing 
benchmarked organization, which was 4.5 
pallets/worker/hour. This target is to be achieved by 
March 2015.  
The process improvement targets were set for three 

key areas, being: receipt of goods, transportation of 
goods within the warehouse, and storage. Also, the 
action plans for these process improvements were 
presented to the executive board for approval. 

 
3.8 Development of action plans  

There were two types of action plan presented to the 
case study organization, these being: actions that could 
be implemented immediately (Present: P), and actions 
that could be implemented in the future, or in the event 
of changes to related conditions (Future: F). These 
plans were to be set and evaluated in collaboration with 
the case study company, and included a person in 
charge, objectives, goals, a person responsible for 
action, a budget monitoring methods, and a timeline. 

Table 6. Order Picking Action Plan 
 

 
Based on the timeline shown in Table 6, the 

researchers provided an example of the results from the 
enabler analysis (for order picking) to the case study 
organization. A summary of the actions required to 
adopt these process improvement steps, those adopted 
from Organization B, are as follows: 

- Propose action plans to the executive; for 
budgetary approval  

- Show the new warehouse layout on a board; 
locate finished goods at the front of the 
warehouse, so as to be visible to workers. The 
information on the board should include product 
codes, date of receipt and volumes. 

- Train workers on how to better record 
information on the warehouse layout board 

- Develop a process by applying methods most 
suitable to the organization. 

These actions, undertaken by the head of 
warehouse department, will take approximately one 
month. 

4  CONCLUSIONS 
 

This research employed a benchmarking technique 
to identify and analyze the enablers of best practices of 
the activities in finished good inventory management, 
and then presented the findings of this analysis to the 
board of the case study organization. As a result, eight 
warehouse management improvement action plans 
were developed. The research results show that the 
adoption of these techniques at the case study company 
will improve its processes and save time, based as they 
are on enablers derived from a benchmarking exercise 
carried out with partner organizations. 
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program in their warehouse departments, and in this 
study Organization A was found to have the most 
effective warehouse management program, one which 
provides detailed information on each product 
category. The results of the analysis of all KPIs are 
shown in Table 3.  
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Abstract 

This paper addresses a new design of a four-legged mobile robot with a double-spiral mobile 
architecture. The double-spiral mobile architecture has been proposed with the intention of use for 
environmental surveys in wetlands, where reed-like plants grow densely. It consists of two pairs of 
spirals and one mobile robot. Each pair of spirals plays the role of footholds for the mobile robot. By 
traveling at a higher place from the ground, the robot can avoid strong resistance force from the dense 
and hard-stemmed plants. In addition, the spirals intermediate between the robots and the muddy 
ground to avoid sinking. The proposed leg mechanism does not have any vertical movement. It 
contributes to energy saving in the robot. Also it provides the arbitrary motion of the body platform 
while the legs grip the spirals tightly. We derive the robot’s kinematics and statics and show the 
validity of the design mathematically. 
 
Keywords: Mobile robot, Legged robot, Wetland, Environmental survey, Robot motion  

                                                                       

 

 
 

1  INTRODUCTION 
 

The problem regarding the reduction of wetlands 
areas has come to occupy an important position in 
environmental conservation. In Kushiro Mire, which is 
the largest wetland in Japan, the distribution areas of 
alder forests or Sasa (veitchii) are increasing and a 
nature restoration project has been started. To 
investigate the mechanisms of its degradation trend, 
much effort is put into field surveys. 

If we use a remote-sensing system, we can obtain 
spatially wide data, such as radar images or visible 
images from satellites. However, if we need more 
precise physical data, a field survey is mandatory. In 
field surveys, researchers must bring large quantities of 
tools into the field. Since entering into wetlands in 
vehicles is restricted, researchers find it difficult to 

walk around huge areas in the muddy soil of the 
wetlands. Therefore, a technical support system for 
field survey in the wetlands is required. 

Recently there are increasing developments in 
outdoor applications such as agriculture robots(1), 
automatic driving cars(2) rescue robots(3) and so on. 
However, in wetland applications, conventional 
locomotion mechanisms may cause serious problems. 
For example, wheel mechanisms may easily become 
stuck in the mud. Crawler mechanisms may tread on 
vegetation in the wetlands or turn over on 
hard-stemmed plants like Phragmites. Some special 
mechanisms using screws, which are called marsh 
screw amphibians, were developed and tested(4) in the 
wetlands(5). The size is about that of a passenger car, 
and very deep tracks like a ditch are left behind the 
screws that damage the surface of the earth severely. 
The other robots which have the same mechanism 
using screws were found in the literature(6). New 
locomotion mechanisms suitable for the wetlands, 
which suppress damage to the vegetation and do not 
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sink in the mud, should be developed. 
The double-spiral mobile architecture has been 

proposed with the intention of use for environmental 
surveys in the wetland where reed-like plants grow 
densely(7) . It consists of two pairs of spirals and one 
mobile robot. Each pair of spirals plays the role of 
footholds for the mobile robot. By traveling at a higher 
distance from the ground, the robot can avoid strong 
resistance force from the dense and hard-stemmed 
plants. In addition, since the spiral is supported by 
several contact points on the ground and intermediates 
between the robot and the muddy ground, the robot 
never touches the ground and barely sinks. 

The mobile robot proposed in this paper has four 
legs for static walking on the spirals. A pair of spirals is 
aligned on a central axis and meshes with each other. 
Two pairs of the spirals are horizontally aligned on the 
ground side by side. In stance phase of the robot’s gait, 
the mobile robot stands on the spirals so that two legs 
on one side of the robot are placed on one of the spirals 
on the same side. The other spirals, which do not 
support the robot, rotate and thread their way through 
dense, tall plants with hard stems. After that, the robot 
steps forward. In swing phase of the robot gait, the 
robot moves its legs to the rotated spirals. 

The main features of the proposed robot in this paper 
are in the design of the mechanism of the legs. First of 
all, one mechanism on the end portion of each leg is in 
a gantry shape. Unlike a typical legged robot, this 
mechanism realizes the swing phase without any 
vertical motion. This contributes simple mechanisms 
and energy savings for the robot. 

Second, each leg has two prismatic joints orthogonal 
to each other and one rotational joint for 3 DOF 
(degrees of freedom) motion in a plane. This provides 
the body platform with arbitrary planar motion in its 
own plane.  

In the rest of this paper, we show the conceptual 
design of the robot. Next, we derive the kinematics of 
the robot. Then, we show the validity of the design 
mathematically. 
 

2  MATERIALS AND METHODS  
 

Figure 1 shows the conceptual image of the robot 
that we propose in this paper. As mentioned in the 
introductory part, it consists of two pairs of spirals and 
one mobile robot. In this section, we explain the 
requirements for the robot to walk on the spiral 
properly. Then we show how the proposed robot 
satisfies the requirements and its step motion to the 
next footing. Next, we define the coordinate systems 
for each link of the robot to prepare for a formulation 
of kinematics of the robot. Practical sizes of the robot 
are discussed from the point of view of the resistance 
received from the plants. 
 

2.1  Requirements for walking on the spirals 
In order to carry burdens on the robot securely, the 

robot needs to maintain its posture while walking. The 
robot walking on the spirals is required not to tumble 
over in gait, not to slip off the spirals, not to lose its 
footing, not to roll over together with a gripping spiral, 
and to move in the desired direction. However, it is not 
required to move rapidly. These five requirements 
contribute to realizing secure walking.  

 
2.2  Four-legged locomotion and the gait 

We adopt four-legged locomotion and a creep gait 
for our walking robot. Generally a legged robot should 
have more than four legs for static locomotion since 
static walking needs, at minimum, three supporting legs 
to form a supporting polygon and one swing leg for a 
gait. A large number of legs enhance stability by 
making the area of the supporting polygon larger. On 
the other hand, an increase in the number of legs claims 
complex mechanisms and control. We choose a 
minimum number of legs for static walking. 

A tetrapod, by nature, walks or runs with several 
gaits. A creep gait is a well-known static gait and is 
allowed to lift only one leg in any case(8) . We will 
implement the creep gait with our robot. 

The first requirement, not to tumble over in gait, will 
be satisfied by the above guideline. 
 
2.3  Grippers at the end of the legs  

As shown in Figure1, the end link of each leg has a 
gantry-shaped mechanism. A pair of vertical links 
stands on the spiral in parallel. The distance between 
them is adjustable. A gripper is mounted on the lower 
end of every vertical link. Each gripper requires special 
mechanisms to grip the rounded rim of the spiral stably 
so as not to slide down in the stance phase. This 
gripping property fulfills the second requirement, not to 
slip off the spirals. 

Once the gripper holds the spiral, the leg needs to 
maintain its foot position even if the robot body moves 
toward a different posture. 

Figure 1  Conceptual design of the proposed robot 
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2.4  Positioning property of the grippers  

Each gripper at the end of a leg must be placed 
precisely upon the rounded rim of the spiral. Otherwise, 
it must lose its footing since the periphery of the spirals 
provides discrete footholds to the walking robot. 
Therefore, to fulfill the third requirement, each gripper 
needs to be controlled to a specific position respectively. 
The leg mechanism should have enough DOF to 
control it. 

 
2.5  Balancing of the body platform  

The spiral is essentially easy to roll over on the plane 
ground due to its own cylindrical shape. If the robot 
and the spirals are tightly united and move together, it 
is possible that they might roll over on the steep slope 
of the ground due to a center-of-gravity imbalance. To 
maintain its balance, the body of the robot needs to be 
able to move freely in the horizontal plane even though 
the positions of the grippers continue to hold the same 
places on the spirals. The balancing property would 
fulfill the fourth requirement, not to roll over together 
with a gripping spiral. 
 
2.6  Required DOF of the robot and the legs  

The robot needs to have enough DOF in its own 
mechanism in order to move in the desired direction. 
Generally, 6 DOF is required for a mechanism to 
control arbitrary position and posture in 3-dimensional 
space. If we limit working space of the leg from 
3-dimensional space to a 2-dimensional plane, we can 
reduce the DOF of each leg mechanism to three. 
Further we can suppress the vehicle motion of the robot. 
Well-coordinated motion of the four legs would 
produce locomotive motion toward the desired motion 
of the robot body. 
 
2.7  Fulfillment of the requirements  

The robot shown in Figure 1 possesses four legs. A 
gantry-shaped mechanism is mounted upon each leg, 
each of which is designated by Link13, Link14, and 
Link15. The gripper does not appear in Figure 1, but it 
will be attached at the lower end of the gantry-shaped 
mechanism. In the creep gait, a pair of vertical links in 
the gantry-shaped portion, Link 14 and Link15, takes 
the opening motion in the swing phase and the closing 
motion in the stance phase, as shown in Figure 2. In the 
stance phase, the grippers must hold the spiral tightly. 
Throughout the gait, only one leg takes the swing phase 
to achieve static walking. 

Each leg has two prismatic joints orthogonal to each 
other and one rotational joint for 3 DOF motion in a 
plane. The prismatic joints translate Link11 in a 
front-back direction and Link12 in a right-left direction. 
The rotational joint turns Link13. Therefore, the 
position and posture angle of Link13 can be decided 
arbitrarily in the plane parallel to the body platform. We 

call this plane Link13’s working space. In the 
gantry-shaped mechanism, there is one additional DOF 
of the opening/closing motion of Link14 and Link15. 
The working space of the grippers mounted on Link14 
and Link15 forms the plane parallel to the body 
platform as well. When a position of the spiral and the 
working space of the grippers are given, a pair of the 
points to be gripped is derived from their intersections. 
By aligning Link13 to the projection of the line 
segment joining a pair of the points on the Link13 
working space, each the gripper does not lose its 
footing on the spiral. In total, the leg mechanism should 
have enough DOF for the gripper to control to a 
specific position.  

Since the four legs provide the same property, the 
position and posture angle of the robot’s body can be 
decided within the plane parallel to the grippers’ 
working space independently of any gripper’s position. 
In total, the robot has enough DOF for its body to move 
in the desired direction.  

As stated above, we can show that the conceptual 
design of the four-legged robot satisfies the five 
requirements in the previous section. 
 
2.8  Coordinate systems  

For the sake of mathematical consideration, we need 
to define a coordinate system at each link of the robot. 
Figure 3 shows the coordinate systems of the robot. 
The body is mounted on four legs. We denote a left 
front leg, a left rear leg, a right front leg, and a right 
rear leg as Leg1, Leg2, Leg3, and Leg4, respectively. 
Here we explain the coordinate systems of Leg1 as a 
representative of the other legs, since each leg has the 
same structure. 

Leg1 consists of Links 11 to 15 and Grippers 14 to 
15. Links 11 and 12 translate along the y1 and x1 
direction by their respective prismatic joints. Link13 
rotates around the center axis of Link12. Links 14 and 
15 slide along Link13 symmetrically. Grippers 14 and 
15 are attached at the lower end of Links 14 and 15, 
respectively. 

The coordinate systems are set to the body and each 
link. The center of mass for each link is supposed to be 
at the link’s center position. We define the origin of 
each coordinate system at the center of mass of the link. 
The x, y, and z axes are defined according to the 
right-handed coordinate system, as shown in Figure 3. 

Figure 2  Leg motion to support the spiral  
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In the rest of this paper, we show the conceptual 
design of the robot. Next, we derive the kinematics of 
the robot. Then, we show the validity of the design 
mathematically. 
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Figure 1 shows the conceptual image of the robot 
that we propose in this paper. As mentioned in the 
introductory part, it consists of two pairs of spirals and 
one mobile robot. In this section, we explain the 
requirements for the robot to walk on the spiral 
properly. Then we show how the proposed robot 
satisfies the requirements and its step motion to the 
next footing. Next, we define the coordinate systems 
for each link of the robot to prepare for a formulation 
of kinematics of the robot. Practical sizes of the robot 
are discussed from the point of view of the resistance 
received from the plants. 
 

2.1  Requirements for walking on the spirals 
In order to carry burdens on the robot securely, the 

robot needs to maintain its posture while walking. The 
robot walking on the spirals is required not to tumble 
over in gait, not to slip off the spirals, not to lose its 
footing, not to roll over together with a gripping spiral, 
and to move in the desired direction. However, it is not 
required to move rapidly. These five requirements 
contribute to realizing secure walking.  

 
2.2  Four-legged locomotion and the gait 

We adopt four-legged locomotion and a creep gait 
for our walking robot. Generally a legged robot should 
have more than four legs for static locomotion since 
static walking needs, at minimum, three supporting legs 
to form a supporting polygon and one swing leg for a 
gait. A large number of legs enhance stability by 
making the area of the supporting polygon larger. On 
the other hand, an increase in the number of legs claims 
complex mechanisms and control. We choose a 
minimum number of legs for static walking. 

A tetrapod, by nature, walks or runs with several 
gaits. A creep gait is a well-known static gait and is 
allowed to lift only one leg in any case(8) . We will 
implement the creep gait with our robot. 

The first requirement, not to tumble over in gait, will 
be satisfied by the above guideline. 
 
2.3  Grippers at the end of the legs  

As shown in Figure1, the end link of each leg has a 
gantry-shaped mechanism. A pair of vertical links 
stands on the spiral in parallel. The distance between 
them is adjustable. A gripper is mounted on the lower 
end of every vertical link. Each gripper requires special 
mechanisms to grip the rounded rim of the spiral stably 
so as not to slide down in the stance phase. This 
gripping property fulfills the second requirement, not to 
slip off the spirals. 

Once the gripper holds the spiral, the leg needs to 
maintain its foot position even if the robot body moves 
toward a different posture. 

Figure 1  Conceptual design of the proposed robot 
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We denote the coordinate system of the body as . We 
denote each coordinate system of Link  as  
respectively. 
 
2.9  Height for reducing the plant resistance 

Our previous studies suggest that the resistance force 
against a dense stand of tall plants with hard stems is so 
large that a short robot does not move forward(9). 
According to the result of an on-site experiment, when 
an L-shaped tapered angle of 0.1 m in width and 0.05 
m in height went through the plants at 0.25 m, 0.5m, 
and 1 m in ground height, it received about 18 N, 3 N, 
and 0 N of maximum resistance force, respectively. 
Therefore, the robot body needs to be kept at a height 
greater than 1 m. We determined the diameter of the 
spiral at 1 m. 

According to the result of another experiment, when 
a horizontal bar of 1 m in width went through the plants 
at 1 m, 1.25m, and 1.5 m in ground height, it received 
about 18 N, 9 N, and 7 N of maximum resistance force, 
respectively. Therefore we decided that the robot must 
maintain its body at 1.5 m in ground height to avoid 
resistance from a dense stand of tall plants with hard 
stems. Also, each leg needs to be long and thin and in 
an upright position. 
 
2.10  Step motion to the next footing on the spiral 

A pair of spirals on one side alternately supports the 
robot as footholds during its gait motion. An 
unsupportive spiral rotates and moves in the direction 
of travel for a subsequent foothold. Since the rotation 
mechanism has been discussed in the previous work(10), 
it does not appear in Figure 1. Because of the use of 

prismatic joints, the grippers slide parallel to the body 
platform; that is, the x1-y1 plane, which makes the 
pointing motion of the gripper easier. 

Typical walking robots have a mechanism to lift a 
foot in a swing phase, which corresponds to the gripper 
in our case. However as shown in Figure 2, a 
gantry-shaped mechanism can realize the swing phase 
through the opening motion instead of the lift motion. 
In addition, when elevation of the spiral changes from 
its nominal value, the vertical position of gripping the 
spiral can be adjusted by the distance between Link14 
and Link15. The distance is narrower for higher 
positions, wider for lower positions. 

Figure 4 shows a step motion procedure. The 
gantry-shaped mechanism moves from the present 
spiral, Sa, to the next spiral, Sb. In Figure 4(a), the end 
links stand on Sa. In Figure 4(b), Link14 and Link15 
open and leave Sa. The balance of the robot is 
maintained by the other three legs. In Figure 4(c), next 
positions to place graspers are searched by proximity 
sensors that detect the spiral. In Figure 4(d), Link14 
and Link15 close and the grippers hold the spiral 
tightly. 

 
3  RESULTS  

 
We defined the coordinate systems of each link in 

Coordinate systems. This section is devoted to deriving 
the kinematics and statics of the robot. 

 
3.1  Forward kinematics 

Forward kinematics of the robot is usually 
represented by homogeneous transformation. The 3×3 
block matrix, which consists of the first 3 rows and the 
first 3 columns of a homogeneous transform matrix, 
represents a rotation matrix. The 3×1 vector, which 
consists of the first 3 rows in the fourth column of a 
homogeneous transform matrix, represents a position 
vector. The position vector can be used to calculate the 
working space of a link.  

With reference to Figure 3, the homogeneous 
transform matrices between adjoining coordinate 
systems for Leg1 are as follows. 

Rotation 

Translation 

(a) 

Link15 

Opening Closing 

(b) (c) (d) 

Link14 

Sa 
Sb 

Figure 4  Procedure of a step motion to the next footing 

Figure 3  Coordinate systems of the robot 
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  (1) 

 (2) 

  (3) 

 (4) 

 (5) 

where  represents a homogeneous transform 
matrix from coordinate system  to coordinate 
system . The values of , , , and  are 
the offset distances in the  axis direction between 
the axis,  axis,  axis,  axis, and  
axis, respectively. The value of  is the offset 
distance in the  axis direction between axis and 

 axis. The variables of , , and  are the 
joint displacements in the direction of the  axis,  
axis, and  axis, respectively. The variable of  
is the joint angle around the  axis. The position 
vectors of grippers and , with respect to 

 and , are represented as follows, respectively. 
 

  (6) 

For the calculation of the working space of Link13, 
 is obtained by multiplying the successive 

homogeneous transform matrices.  
 

 

 (7) 

The position vector of the origin of , , is 
represented as follows. 

 (8) 

 

Similarly, for the calculation of the working space of 
grippers,  and  are obtained as follows.  

(9) 

 (10) 

The position vectors of grippers, and , 
with respect to , are represented as follows. 

 

 (11) 

 (12) 

3.2  Jacobi matrix 
The Jacobi matrix is used for statics analysis or 

singular configuration analysis. The Jacobi matrix, J, 
represents the relationship between the joint velocity, , 
and the velocity of the end-point v; i.e., . 
For example, in the case of Grippers 14 and 15, joint 
variable q would be , and 
the velocity of each gripper would be 

, where  and are the components 
of the gripper velocity in the direction of  and  
axes, respectively, and  represents the components 
of the gripper rotational velocity in the direction of  
axis. The Jacobi matrix of Gripper 14, , is obtained 
by calculating the partial differentiation of  and 
the corresponding rotating vectors. 

 

 (13) 

Similarly, the Jacobi matrix of Gripper 15, , is 
obtained as follows.   
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We denote the coordinate system of the body as . We 
denote each coordinate system of Link  as  
respectively. 
 
2.9  Height for reducing the plant resistance 

Our previous studies suggest that the resistance force 
against a dense stand of tall plants with hard stems is so 
large that a short robot does not move forward(9). 
According to the result of an on-site experiment, when 
an L-shaped tapered angle of 0.1 m in width and 0.05 
m in height went through the plants at 0.25 m, 0.5m, 
and 1 m in ground height, it received about 18 N, 3 N, 
and 0 N of maximum resistance force, respectively. 
Therefore, the robot body needs to be kept at a height 
greater than 1 m. We determined the diameter of the 
spiral at 1 m. 

According to the result of another experiment, when 
a horizontal bar of 1 m in width went through the plants 
at 1 m, 1.25m, and 1.5 m in ground height, it received 
about 18 N, 9 N, and 7 N of maximum resistance force, 
respectively. Therefore we decided that the robot must 
maintain its body at 1.5 m in ground height to avoid 
resistance from a dense stand of tall plants with hard 
stems. Also, each leg needs to be long and thin and in 
an upright position. 
 
2.10  Step motion to the next footing on the spiral 

A pair of spirals on one side alternately supports the 
robot as footholds during its gait motion. An 
unsupportive spiral rotates and moves in the direction 
of travel for a subsequent foothold. Since the rotation 
mechanism has been discussed in the previous work(10), 
it does not appear in Figure 1. Because of the use of 

prismatic joints, the grippers slide parallel to the body 
platform; that is, the x1-y1 plane, which makes the 
pointing motion of the gripper easier. 

Typical walking robots have a mechanism to lift a 
foot in a swing phase, which corresponds to the gripper 
in our case. However as shown in Figure 2, a 
gantry-shaped mechanism can realize the swing phase 
through the opening motion instead of the lift motion. 
In addition, when elevation of the spiral changes from 
its nominal value, the vertical position of gripping the 
spiral can be adjusted by the distance between Link14 
and Link15. The distance is narrower for higher 
positions, wider for lower positions. 

Figure 4 shows a step motion procedure. The 
gantry-shaped mechanism moves from the present 
spiral, Sa, to the next spiral, Sb. In Figure 4(a), the end 
links stand on Sa. In Figure 4(b), Link14 and Link15 
open and leave Sa. The balance of the robot is 
maintained by the other three legs. In Figure 4(c), next 
positions to place graspers are searched by proximity 
sensors that detect the spiral. In Figure 4(d), Link14 
and Link15 close and the grippers hold the spiral 
tightly. 

 
3  RESULTS  

 
We defined the coordinate systems of each link in 

Coordinate systems. This section is devoted to deriving 
the kinematics and statics of the robot. 

 
3.1  Forward kinematics 

Forward kinematics of the robot is usually 
represented by homogeneous transformation. The 3×3 
block matrix, which consists of the first 3 rows and the 
first 3 columns of a homogeneous transform matrix, 
represents a rotation matrix. The 3×1 vector, which 
consists of the first 3 rows in the fourth column of a 
homogeneous transform matrix, represents a position 
vector. The position vector can be used to calculate the 
working space of a link.  

With reference to Figure 3, the homogeneous 
transform matrices between adjoining coordinate 
systems for Leg1 are as follows. 

Rotation 

Translation 

(a) 

Link15 

Opening Closing 

(b) (c) (d) 

Link14 

Sa 
Sb 

Figure 4  Procedure of a step motion to the next footing 

Figure 3  Coordinate systems of the robot 
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 (14) 

The Jacobi matrix of Link 13, , is much simpler.  
 

 (15) 

 
3.3  Inverse kinematics 

Once the gripper positions are given, the joint 
parameters can be obtained through inverse kinematics. 
Suppose that  and 

. The following formulas can be 
derived from Eqs. (11) (12): 

 

 (16) 

  (17) 

  (18) 

  (19) 

These formulas provide the joint parameters for 
Leg1. The other joint parameters can be obtained in a 
similar manner.  
 
3.4  Statics 

Using a transposition of the Jacobi matrix, the 
following relationship is derived. 

 
 (20) 

Where  is a force/torque vector in the joint space 
and  is a force/torque vector in the working space. 
Suppose that force/torque vectors at Grippers 14 and 15 
are denoted as  and , respectively. The 
resultant force/torque vectors in the joint space,  
and , from  and  are respectively obtained 
as follows. 

 

 (21) 

 (22) 

 
The statics formulas, other than Leg1, can be 

obtained in a similar manner.  

 
4  DISCUSSION 

 
We qualitatively demonstrated the conceptual design 

of the robot and its validity. In this section, we confirm 
the validity through the formulas derived in kinematic 
and statics section.  

First of all, the positioning property of the grippers is 
easy to confirm through the inverse kinematics. We can 
calculate the joint parameters for any gripper positions 
of  and  using Eqs.(16), (17), 
(18), and (19). 

Secondly, the body movement property for the 
balancing capability of the body platform is verified. 
Since all grippers’ positions are fixed,  is a 
constant and . Therefore, each gantry-shaped 
mechanism is regarded as one link and as a part of the 
spiral that is gripped by the mechanism. It is enough to 
consider the movement of Link13 instead of the 
grippers for Leg1. Multiplying  by the velocity 
vector , we get  

 
This equation shows that, for Leg1,  at the origin 

of  is decided by , , and  
independently. The other legs supporting the body 
platform have the same properties. Hence, the body 
velocity can be arbitrarily decided by adjusting the joint 
velocities even if all the grippers’ positions are fixed.  

In addition, the  block matrix consisting of the 
first 3 columns of  is a nonsingular matrix. It 
means that the robot has no singular configuration. This 
is a desirable property in controlling the robot. 

Thirdly, it is verified that the robot has enough DOF 
in its own mechanism in order to move in the desired 
direction. In advance, we investigate whether the 
working space of Link13 or grippers is a plane parallel 
to the  plane in . The normal vector of the 

 plane can be denoted as . 
Suppose that there are two different pairs of values for 
the joint parameter ,  and 

, and the corresponding position vectors 

 and  using Eq. (8), respectively. Then, the 

following equation is satisfied. 
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. (
24

)
 

 
Therefore, it is proved that the space formed by  
is parallel to the  plane. In the same way, the 
space formed by or  is parallel to the  
plane. As mentioned above, in the working space of 
Link13, the body velocity can be arbitrarily decided by 
adjusting the joint velocities. Therefore, we can 
conclude that the robot has enough DOF.  

In addition, since the working space is parallel to the 
plane, it is understood that there is no vertical 

motion. 
Finally we deduce one characteristic property about 

the statics. Assuming that  is equal to  and 
adding  to , we get  

 

 . (25) 

If the external forces/torques  and  are 
exerted on a pair of the graspers in phase, its 
components are independently related to the 
forces/torques of Joint 11, 12, and 13, respectively. 
Subtracting  from , we get  

 

 
. (

26
)
 

If the external forces/torques  and  are 
exerted on a pair of the graspers in anti-phase, the 
resultant forces of Link11and Link12 became zero. In 
particular, the torque does not transmit to any joint.  

 
5  CONCLUSION 

 
We described the new conceptual design of a 

four-legged robot for a double-spiral mobile 
architecture. The robot consists of two pairs of spirals 
and one mobile robot. Based on the requirement for the 
secure walking motion, the concept of design was 
explained. Kinematics and statics of the robot were 
derived, and then the validity of the design was 
explained using the formulas. 

The main contribution of the new design is the use of 
a gantry-shaped mechanism for legs and the realization 
of a swing phase without any vertical motion. 
Employing a pair of prismatic joints orthogonal to each 
other limits the working space of the leg to a horizontal 
plane. These suppress vertical motion and enhance the 
walking security. The assembly of the robot and the 
experiment are left for future work  
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3.3  Inverse kinematics 

Once the gripper positions are given, the joint 
parameters can be obtained through inverse kinematics. 
Suppose that  and 

. The following formulas can be 
derived from Eqs. (11) (12): 
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These formulas provide the joint parameters for 
Leg1. The other joint parameters can be obtained in a 
similar manner.  
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Using a transposition of the Jacobi matrix, the 
following relationship is derived. 
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obtained in a similar manner.  

 
4  DISCUSSION 
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of the robot and its validity. In this section, we confirm 
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Abstract 
A prototype of a circular hydrodynamic journal bearing to control temperature distributions of the 
bearing bush and the oil film was manufactured, with a preliminary experiment subsequently 
conducted to evaluate the extent of vibration suppression within the bearing. The specifications of the 
bearing were as follows: a bearing diameter of 50 mm, a bearing length of 50 mm, and a radial 
clearance of 0.025 mm. The bearing bush was divided into six parts, and five Peltier devices were 
installed for cooling and heating each part. The parameters of the experiment were as follows: a load 
up to 100 N, a rotational speed up to 35 rps, and a lubricating oil of ISO VG22. When the lower half 
of the bearing bush was cooled and the upper half was heated, the vibration was suppressed under a 
specific operating condition. 
 
Keywords: Tribology, Journal bearing, Self-excitation vibration, Temperature, Viscosity  

 

 

 

 

1  INTRODUCTION 
 
Hydrodynamic journal bearings(1) are widely used to 

support rotating shafts in various types of machinery. 
Under operating conditions of high load and low speed, 
eccentricity ratios increase and minimum clearances 
reach the roughness order, usually resulting in solid 
contact, wear, and seizure in the bearings. In addition, 
under operating conditions of high speed and low load, 
self-excited oscillations can occur that cause vibration, 
instability, and breakdown in the bearings. 

 
 
 
 

 
*1 College of Design and Manufacturing Technology 
*2 Division of Production Systems Engineering 
 
 

 
The hydrodynamic pressures and load-carrying 

capacities depend on the contribution of the wedge 
effect and oil viscosity. If the lubricating film can be 
cooled and/or heated so as to increase and/or decrease 
the viscosity and fluid pressure, the pressure 
distribution can be modified and the vibration can be 
controlled. 
Oil viscosity is a strong function of temperature, and a 

change in viscosity significantly influences bearing 
characteristics. Thus, the associated theoretical 
approach, primarily including the thermal effect, is 
established as the “thermohydrodynamic lubrication 
(THL) theory.” On the basis of this theory, many results 
have been published in literatures(2). 
Meanwhile, the viscosity of magnetorheological (MR) 

and electrorheological (ER) fluids can be changed by 
controlling magnetic and electric fields(3). However, 
these liquids are unusual lubricants that possess 
unclarified characteristics and are expensive; in 
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addition, the disposal of these liquids poses serious 
environmental risks. 
We have thus proposed to use a thermoelectric module 

based on the Peltier effect, which refers to the presence 
of cooling or heating at an electrified junction of two 
different conductors, to control the temperature of the 
module’s components. To improve the static 
tribological characteristics of journal bearings, the 
objective is to determine the optimum viscosity 
distribution through temperature control without the 
need for specially processing and texturing the sliding 
surfaces of the bearings.  
To further enhance the dynamic characteristics of the 

existing journal bearings, a hydrodynamic journal 
bearing based on control of temperature distribution in 
an oil film was developed(4). In this experiment, a 
prototype of a journal bearing that can suppress 
vibration was manufactured, and a preliminary 
experimental trial was subsequently performed. 
 

2  EXPERIMENT 
 
2.1  Tester and methods 
Figures 1 and 2 show the schematics of the plain 

circular hydrodynamic journal bearing tester. The 
specifications were as follows: a bearing diameter (D) of 
50 mm, a bearing length (L) of 50 mm, and a radial 
clearance (C) of 0.025 mm.  
The bearing bush was divided circumferentially into six 

blocks and assembled with them, in which thin 
polyoxymethylene plates were inserted in the mating 
faces of the blocks for heat insulation. The five 
air-cooling Peltier devices were installed on the blocks 
outside (except for the top block) for independently 
cooling and heating the bearing bush. The Peltier device 
mainly consisted of the Peltier module plate, the heat 
sink, and the DC electric motor fan. The module plate 
size was 20 mm × 250 mm, the maximum input voltage 
was 7 V, and the maximum endothermic energy was 10 
W. The top left part was designated as T1, followed by 
T2, T3, T4, and T5 (counterclockwise), as shown in Fig. 
2. The platinum resistance thermometers (PT100s) were 
also mounted on the plate of each Peltier device so that 
temperatures could be constantly monitored. Two 
non-contact type laser displacement sensors with a 
measurement distance of 10 mm and a repeatability of 
0.025 m were set to measure the horizontal and vertical 
vibrations of the bearing. 
The test oil was a naphthene-based crude oil (ISO 

VG22) whose temperature characteristics were a 
kinematic viscosity of 22.1 mm2/s at 40 C and 3.65 
mm2/s at 100 C. The oil was supplied from a reservoir 
to the port on the top left portion of the bush. 
The bearing load was acted upon by pulling the bearing 

bush by the screw of M20 P1.5 via the load-cell sensor 
with a rated capacity of 1 kN and a natural frequency of 
1.75 kHz. The journal was supported with two rolling 
element bearings at both ends and was rotated by an 

electric servomotor with a rated output capacity of 400 
W and a rated rotational speed of 50 s 1. 
Thus, the experimental trial was configured and 

implemented via the following procedure: setting the 
rotating speed (N) and load (W), then warming up the 
bearing to a stable oil temperature, and then finally 
starting the bearing vibration. Next, the Peltier devices 
were switched on to cool down and/or heat up the 
bearing bush and lubricating oil to generate the 
temperature distributions. 
The test bearing was operated under the conditions of 

the load (W) up to 100 N and the rotational speed (N) 
from 21.7 to 35 s 1. The bearing was vibrated under the 
limited conditions of lower load and higher speed. In this 
experiment, the conditions of the load W = 20 N, the 
speed N = 25 and 30 s 1, and the oil temperature at about 
45 C, were representatively selected. At this stage, only 
one case of cooling with the T2, T3, and T4 devices, and 
heating with the T1 and T2 devices, under a maximum 
input voltage of 4 V was examined. 
 
2.2  Results and discussion 
Figures 3 and 4 show the temperature distributions and 

vibration waves before and after switching on the Peltier 
devices, respectively (The angle  = 60  corresponded to 
the location of the device T1). The experimental 
conditions were specified as the load W = 20 N and the 
speed N = 30 s 1. Before the switch-on of the Peltier 
devices, the temperature distribution was almost uniform 
(Fig. 3) and the amplitude of vibration was large (Fig. 
4a).  
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Test rig of the hydrodynamic journal bearing 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Schematic of the bearing bush 
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After the switch-on, the temperature distribution varied 
as the temperature at the bearing bottom became low and 
temperature at the bearing top became high. 
Simultaneously, the amplitude became markedly small 
(Fig. 4b). 
Figure 5 shows the Fourier spectrum of data based on 

Fig. 4. Before switch-on, the peak frequency of vibration 
was detected at 15 Hz, i.e., 15 s 1 (Fig. 5a), which 
corresponded to the half rotational speed of the journal 
(N = 30 s 1). After switch-on, subsequently, the peak 
virtually vanished (Fig. 5b). One can thus observe that 
the vibration was suppressed by temperature control. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Temperature distribution before and after 
temperature controlling (N = 30 s 1; W = 20 N; Cooling 
of T2, T3, and T4; Heating of T1 and T5) 

 
 
 
 
 
 
 
 
 
 
 

(a: before temperature controlling) 
 
 
 
 
 
 
 
 
 
 
 

(b: after temperature controlling) 
 
Fig. 4 Comparison of vibration waves (N = 30 s 1; W = 
20 N; Cooling of T2, T3, and T4; Heating of T1 and T5) 
 

Figure 6 shows the vibration waves under the 
conditions of the load W = 20 N and the speed N = 25 
s 1; the speed was rather lower than that of Fig. 4. The 
vibration suppression (Fig.6 a  b) was similar to that 
as shown in Fig. 4 (a  b). 
 

3  CONCLUSIONS 
 
A tester for suppressing the vibration of a prototype 

journal bearing was developed. When the bearing bush 
was cooled and heated locally, the reduction of the 
vibration was verified experimentally. The condition 
was limited, and thus further verification experiments, 
including discussion of thermal and elastic deformation, 
will be conducted. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a: before temperature controlling) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b: after temperature controlling) 
 
Fig. 5 FFT analysis of amplitude of test bearing (N = 30 
s 1, W = 20 N, Peltier device off (1Y) and on (5Y)) 
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addition, the disposal of these liquids poses serious 
environmental risks. 
We have thus proposed to use a thermoelectric module 

based on the Peltier effect, which refers to the presence 
of cooling or heating at an electrified junction of two 
different conductors, to control the temperature of the 
module’s components. To improve the static 
tribological characteristics of journal bearings, the 
objective is to determine the optimum viscosity 
distribution through temperature control without the 
need for specially processing and texturing the sliding 
surfaces of the bearings.  
To further enhance the dynamic characteristics of the 

existing journal bearings, a hydrodynamic journal 
bearing based on control of temperature distribution in 
an oil film was developed(4). In this experiment, a 
prototype of a journal bearing that can suppress 
vibration was manufactured, and a preliminary 
experimental trial was subsequently performed. 
 

2  EXPERIMENT 
 
2.1  Tester and methods 
Figures 1 and 2 show the schematics of the plain 

circular hydrodynamic journal bearing tester. The 
specifications were as follows: a bearing diameter (D) of 
50 mm, a bearing length (L) of 50 mm, and a radial 
clearance (C) of 0.025 mm.  
The bearing bush was divided circumferentially into six 

blocks and assembled with them, in which thin 
polyoxymethylene plates were inserted in the mating 
faces of the blocks for heat insulation. The five 
air-cooling Peltier devices were installed on the blocks 
outside (except for the top block) for independently 
cooling and heating the bearing bush. The Peltier device 
mainly consisted of the Peltier module plate, the heat 
sink, and the DC electric motor fan. The module plate 
size was 20 mm × 250 mm, the maximum input voltage 
was 7 V, and the maximum endothermic energy was 10 
W. The top left part was designated as T1, followed by 
T2, T3, T4, and T5 (counterclockwise), as shown in Fig. 
2. The platinum resistance thermometers (PT100s) were 
also mounted on the plate of each Peltier device so that 
temperatures could be constantly monitored. Two 
non-contact type laser displacement sensors with a 
measurement distance of 10 mm and a repeatability of 
0.025 m were set to measure the horizontal and vertical 
vibrations of the bearing. 
The test oil was a naphthene-based crude oil (ISO 

VG22) whose temperature characteristics were a 
kinematic viscosity of 22.1 mm2/s at 40 C and 3.65 
mm2/s at 100 C. The oil was supplied from a reservoir 
to the port on the top left portion of the bush. 
The bearing load was acted upon by pulling the bearing 

bush by the screw of M20 P1.5 via the load-cell sensor 
with a rated capacity of 1 kN and a natural frequency of 
1.75 kHz. The journal was supported with two rolling 
element bearings at both ends and was rotated by an 

electric servomotor with a rated output capacity of 400 
W and a rated rotational speed of 50 s 1. 
Thus, the experimental trial was configured and 

implemented via the following procedure: setting the 
rotating speed (N) and load (W), then warming up the 
bearing to a stable oil temperature, and then finally 
starting the bearing vibration. Next, the Peltier devices 
were switched on to cool down and/or heat up the 
bearing bush and lubricating oil to generate the 
temperature distributions. 
The test bearing was operated under the conditions of 

the load (W) up to 100 N and the rotational speed (N) 
from 21.7 to 35 s 1. The bearing was vibrated under the 
limited conditions of lower load and higher speed. In this 
experiment, the conditions of the load W = 20 N, the 
speed N = 25 and 30 s 1, and the oil temperature at about 
45 C, were representatively selected. At this stage, only 
one case of cooling with the T2, T3, and T4 devices, and 
heating with the T1 and T2 devices, under a maximum 
input voltage of 4 V was examined. 
 
2.2  Results and discussion 
Figures 3 and 4 show the temperature distributions and 

vibration waves before and after switching on the Peltier 
devices, respectively (The angle  = 60  corresponded to 
the location of the device T1). The experimental 
conditions were specified as the load W = 20 N and the 
speed N = 30 s 1. Before the switch-on of the Peltier 
devices, the temperature distribution was almost uniform 
(Fig. 3) and the amplitude of vibration was large (Fig. 
4a).  
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(a: before temperature controlling) 
 
 
 
 
 
 
 
 
 
 
 

(b: after temperature controlling) 
 
Fig. 6 Comparison of vibration waves (N = 25 s 1; W = 
20 N; Cooling of T2, T3, and T4; Heating of T1 and T5) 
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Abstract 

This paper presents a framework of accuracy assured machining which enables information driven 
manufacturing. As a framework of accuracy assured machining, a closed loop machining operation is 
proposed based on four fundamental functions. They are physics conscious operation planning, 
intelligent monitoring, on-machine shape measurement and error source estimation and determination 
of re-machining strategy. Last three functions are essential in accuracy assured machining. As a 
preliminary development of the accuracy assured machining, a method to achieve a rapid and 
accurate on-machine shape measurement is also explained. 
 
Keywords: Accuracy assurance, line laser displacement sensor, process monitoring 

 

 

 
1  INTRODUCTION 

 
From the MAP (Manufacturing Automation Protocol) 

project proposed by General Motors in 1980’s, network 
connectivity of manufacturing facilities has been an 
important issue. Recently, network connected and 
information driven manufacturing based on modern 
information technologies such as IoT (Internet of 
Things), Cloud computing technology and CPS 
(Cyber-Physical System) becomes a realistic solution(1). 
In such an emergent manufacturing system, agile and 
smart adaptation to changeable demands must be 
accomplished (2). Functional modularity of each facility 
is an essential characteristic of the system. Accuracy 
assured part machining guarantees the modularity of 
machining stations. In the conventional manufacturing 
system, accuracy inspections are separated from 
machining station. Furthermore, accuracy 
improvements are often based on an empirical human 
know-how.  

It is reported that a closed loop machining using 
on-machine shape measurement can achieve an 
accuracy assured machining (3)(4). Furthermore, 
contactless measurement using a laser displacement 
sensor is also reported as a promising method for 
on-machine shape measurement. From the previous 
research related to the closed loop machining, the 
following problems have not been overcome. 

 Efficiency and accuracy of measurement are not 
enough to utilize actual machining situation. 

 There is no systematic re-machining principle.  
 Monitoring of machining process is not 

integrated to the closed loop machining. 
The objective of this research is to construct a 

systematic accuracy assurance procedure and to design 
a prototype of the accuracy assured machining station 
based on an intelligent monitoring method (5) and rapid 
on-machine shape measurement. A framework of the 
accuracy assured machining and developed 
fundamental methods are explained in this paper. 

 
2  FRAMEWORK OF ACCURACY ASSURED 

MACHINING 
 

In order to overcome the problems of conventional 
machining process, on-machine shape measurement 
and error source estimation based on intelligent 
monitoring are introduced. Figure 1 illustrates a 
framework of an accuracy assured machining. The 
framework contains four topics: 1) physics conscious 
operation planning, 2) intelligent monitoring, 3) 
on-machine shape measurement and 4) Error source 
estimation and determination of re-machining strategy.  
Before the machining, operation planning is generated 
based on a machining process simulation. The method 
is called model-based operation planning. Furthermore, 
predicted machining situations are recorded as a 
systematic representation scheme which is called 
machining scenario (6)(7). During the machining, an 
accurate and workpiece wide state estimation method is 
applied. The method is based on a combination of 
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(a: before temperature controlling) 
 
 
 
 
 
 
 
 
 
 
 

(b: after temperature controlling) 
 
Fig. 6 Comparison of vibration waves (N = 25 s 1; W = 
20 N; Cooling of T2, T3, and T4; Heating of T1 and T5) 
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locally measured values (temperatures and strains) and 
the process simulation technique (5). After the 
machining, workpiece shape is measured by using a 2D 
laser displacement sensor. The 2D displacement sensor 
enables rapid measurement of the workpiece shape. A 
method to improve an accuracy of the 2D displacement 
sensor will present a next section. Furthermore, the 
measured shape is compared with designed workpiece 
shape. If the accuracy is not sufficient, error sources 
must be estimated. Development of a method to 
estimate the error source is a future work of this 
research. Decomposition of machining error into 
possible error source based on a compositional 
machining model (7) is a possible approach to estimate 
the error source. Conventional approach to 
re-machining is only based on geometrical information. 
By using the estimated error source, a determination of 
a re-machining strategy will become more rational and 
reasonable. Based on the strategy, operation planning 
for re-machining can be carried out. The re-machining 
is executed same as the original procedure. This 
systematic and rational re-machining process is 
expected to reduce a number of trials. From the 
following sections, methods to implement the proposed 
framework are presented. 
 

3  ON-MACHINE SHAPE MEASUREMENT 
 

Contactless on-machine measuring systems have been 

attracted attention for accuracy assurance of products. 
2D laser displacement sensors are expected as 
promising devices because of their efficiency. However, 
their accuracies are not enough to utilize on-machine 
shape measurement (8)(9). An accuracy improvement 
method is necessary to utilize the 2D laser sensor to the 
on-machine shape measurement. 

In order to improve the accuracy of the 2D laser 
sensor, a geometrical feature-based compensation 
method is evaluated. In this method, local workpiece 
shape is categorized into pre-determined shapes such as 

 
Fig.1 Framework of accuracy assured machining 

 
Fig.2 Measured data for 10mm gauge block 

 

 
Fig.3 Experimental setup 

 

 

Fig.4 Measured error at different conditions 
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flat plane, cylindrical surface, sphere and so on. Output 
values of sensor for each shape category are calibrated 
in advance. In this paper, compensation for flat plane is 
evaluated. 

As a reference flat surface, gauge blocks (Mitsutoyo 
Rectangular Gauge Block grade 0) which have accurate 
dimensions are employed for calibration. Based on 
measurements of gauge blocks surface with 2D laser 
sensor (Keyence LJ-V7080, measurement range 
±23mm, linearity 0.1% of measurement range), the 
characteristics of the sensor are obtained. The 
dispersion of measured values follows the normal 
distribution as shown in Fig. 2. Therefore, 
compensation of measured values by averaging is 
considered effective. Differences between the average 
value and real displacement come from the 
measurement range. It is expected that measured values 
can be compensated as a function of the distance 
between a sensor head and a workpiece surface. In 
order to verify this assumption, seven workpieces 
which have 5-35 mm height are set on a z-table and 
measured by moving z-table shown in Fig. 3. The result 
is shown in Fig. 4. 

A compensation model based on a multiple regression 
model is derived from the measured data. The 
suitability of the compensation is evaluated by 
comparing the compensated values and the result of 
precise measurement. Different workpiece is prepared 
as an evaluation object. A 3D-CMM and an accurate 
digital micrometer are employed as the precise 
measurement instruments. Figure 5 shows comparison 
of these values. The compensated values show good 
agreement with the results of precise measurements.  

This result shows a feasibility of efficient and accurate 
contactless measurement. However, the proposed 
compensation method is to be applied for a workpiece 
which have a flat top. Compensation for measurement 
of 3-dimensional shape including cylindrical surface, 
sphere and curved surface is a future works of this 
research. 
 

4  INTELLIGENT MONITORING 
 

Modern machine processes are separated from the 

operators to secure the safety. This separation will be 
enlarged in the digital and networked production 
situations. Therefore, monitoring technologies become 
more important than the conventional operator 
controlled machining environment. A framework for 
accurate and simple setup monitoring method has been 
proposed. The framework is based on combining 
locally measured information and FEM (Finite Element 
Method)-based process simulation (5). 
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locally measured values (temperatures and strains) and 
the process simulation technique (5). After the 
machining, workpiece shape is measured by using a 2D 
laser displacement sensor. The 2D displacement sensor 
enables rapid measurement of the workpiece shape. A 
method to improve an accuracy of the 2D displacement 
sensor will present a next section. Furthermore, the 
measured shape is compared with designed workpiece 
shape. If the accuracy is not sufficient, error sources 
must be estimated. Development of a method to 
estimate the error source is a future work of this 
research. Decomposition of machining error into 
possible error source based on a compositional 
machining model (7) is a possible approach to estimate 
the error source. Conventional approach to 
re-machining is only based on geometrical information. 
By using the estimated error source, a determination of 
a re-machining strategy will become more rational and 
reasonable. Based on the strategy, operation planning 
for re-machining can be carried out. The re-machining 
is executed same as the original procedure. This 
systematic and rational re-machining process is 
expected to reduce a number of trials. From the 
following sections, methods to implement the proposed 
framework are presented. 
 

3  ON-MACHINE SHAPE MEASUREMENT 
 

Contactless on-machine measuring systems have been 

attracted attention for accuracy assurance of products. 
2D laser displacement sensors are expected as 
promising devices because of their efficiency. However, 
their accuracies are not enough to utilize on-machine 
shape measurement (8)(9). An accuracy improvement 
method is necessary to utilize the 2D laser sensor to the 
on-machine shape measurement. 

In order to improve the accuracy of the 2D laser 
sensor, a geometrical feature-based compensation 
method is evaluated. In this method, local workpiece 
shape is categorized into pre-determined shapes such as 

 
Fig.1 Framework of accuracy assured machining 

 
Fig.2 Measured data for 10mm gauge block 
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Because transient heat conduction problem is 
formalized based on FDM (Finite Differential Method) 
formulation in time domain, the problem is solved step 
by step. Simulation results are obtained as the time 
series of thermal states. As shown in Figure 6, we 
introduce a model tuning procedure into the every state 
transition. Concerning the thermal state estimation, 
parameter tuning of heat transfer coefficient and heat 
flux is enough to realize the model tuning. A procedure 
of thermal estimation is as follows: 

1. Measured state of predetermined region (RSi) and 
simulated state at present step (SSi ) are compared. 

2. Model parameters are estimated based on the 
results of comparison. 

3. Simulated state at next step (SSi+1) is calculated 
by using the estimated parameters.  

By tuning the model parameters at every state 
transition, the procedure is expected to achieve an 
adaptively of situational variation.  

Figure 7 illustrates a configuration of the prototype 
system developed for the thermal state estimation. The 
prototype system consists of two major modules. They 
are a data collector and a state estimator. The system 
acquires temperatures of predetermined points by using 
thermocouples when a data acquisition request message 
is sent to the data collector. A minimum interval of data 
collection is one second. A state estimator is developed 
based on an optimization method which searches 
parameters. The Quasi-Newton method is employed as 
an optimization method. FEM analysis provides to 
evaluate the optimization candidates. After iterating the 
optimization procedures, appropriate parameters to fit 
the measured data are selected so as to reduce the 
difference between measured data and corresponding 
analysis results. After determining the parameters, the 
estimation step is incremented to a next time step. 
Communication between state estimator and data 
collector is implemented based on RS-232C protocol. 
All software are coded by C++ language.  

Figure 8 shows an example problem for an evaluation 
of the procedures of thermal state estimation. 
Workpiece material is S45C steal. Axial depth of cut is 
1mm and tool path is shown in Fig 8(a). Measurement 
points of temperature for the estimation are also 
illustrated in Fig. 8(b). By using these measured 
temperatures (Ch1, Ch3, Ch6), temperature distribution 
in transient heat conduction is estimated. In this case, a 
heat flux of the heat source and a heat transfer 
coefficient of the surface are estimated as variable 
parameters. From the comparison between the 
measured temperature and estimated temperature at 
Ch2 and Ch 7, mean square errors of both points are 
less than 3°C (5). Figure 9 shows the estimated 
temperatures distribution at different time. By using the 
limited surface information, a whole temperature 
distribution of workpiece can be estimated accurately. 
Converging this information into the machining error 
information obtained by post-process measurement is 
an important future work. 
 

5  CONCLUTIONS 
 

As a basic component for the smart manufacturing, a 
concept and framework of accuracy assured machining 
are proposed. As the topics regarding fundamental 
technologies to implement the proposed concept, 
outline of on-machine shape measurement and 
intelligent monitoring are explained. Although the 
results are only from small-scale evaluation, these 
technologies can be employed to implement the 
accuracy assured machining.  By integrating these 
technologies, the changeable manufacturing, which 
enables product personalization, becomes a common 
production style in near future. 
 
 

 
Fig.8 Experimental setup and tool path 
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Because transient heat conduction problem is 
formalized based on FDM (Finite Differential Method) 
formulation in time domain, the problem is solved step 
by step. Simulation results are obtained as the time 
series of thermal states. As shown in Figure 6, we 
introduce a model tuning procedure into the every state 
transition. Concerning the thermal state estimation, 
parameter tuning of heat transfer coefficient and heat 
flux is enough to realize the model tuning. A procedure 
of thermal estimation is as follows: 

1. Measured state of predetermined region (RSi) and 
simulated state at present step (SSi ) are compared. 

2. Model parameters are estimated based on the 
results of comparison. 

3. Simulated state at next step (SSi+1) is calculated 
by using the estimated parameters.  

By tuning the model parameters at every state 
transition, the procedure is expected to achieve an 
adaptively of situational variation.  

Figure 7 illustrates a configuration of the prototype 
system developed for the thermal state estimation. The 
prototype system consists of two major modules. They 
are a data collector and a state estimator. The system 
acquires temperatures of predetermined points by using 
thermocouples when a data acquisition request message 
is sent to the data collector. A minimum interval of data 
collection is one second. A state estimator is developed 
based on an optimization method which searches 
parameters. The Quasi-Newton method is employed as 
an optimization method. FEM analysis provides to 
evaluate the optimization candidates. After iterating the 
optimization procedures, appropriate parameters to fit 
the measured data are selected so as to reduce the 
difference between measured data and corresponding 
analysis results. After determining the parameters, the 
estimation step is incremented to a next time step. 
Communication between state estimator and data 
collector is implemented based on RS-232C protocol. 
All software are coded by C++ language.  

Figure 8 shows an example problem for an evaluation 
of the procedures of thermal state estimation. 
Workpiece material is S45C steal. Axial depth of cut is 
1mm and tool path is shown in Fig 8(a). Measurement 
points of temperature for the estimation are also 
illustrated in Fig. 8(b). By using these measured 
temperatures (Ch1, Ch3, Ch6), temperature distribution 
in transient heat conduction is estimated. In this case, a 
heat flux of the heat source and a heat transfer 
coefficient of the surface are estimated as variable 
parameters. From the comparison between the 
measured temperature and estimated temperature at 
Ch2 and Ch 7, mean square errors of both points are 
less than 3°C (5). Figure 9 shows the estimated 
temperatures distribution at different time. By using the 
limited surface information, a whole temperature 
distribution of workpiece can be estimated accurately. 
Converging this information into the machining error 
information obtained by post-process measurement is 
an important future work. 
 

5  CONCLUTIONS 
 

As a basic component for the smart manufacturing, a 
concept and framework of accuracy assured machining 
are proposed. As the topics regarding fundamental 
technologies to implement the proposed concept, 
outline of on-machine shape measurement and 
intelligent monitoring are explained. Although the 
results are only from small-scale evaluation, these 
technologies can be employed to implement the 
accuracy assured machining.  By integrating these 
technologies, the changeable manufacturing, which 
enables product personalization, becomes a common 
production style in near future. 
 
 

 
Fig.8 Experimental setup and tool path 

 
Fig.9 Temperature distribution of workpiece 
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*1

Dialectal Words Related to Fishery in Setana Located in the 
Western Region of the Oshima Peninsula

~From the viewpoint of comparison between the western region and the eastern region~
Kunihiko HASHIMOTO*1

27 6 26 28 2 2

Abstract
The purpose of this paper is as follows: 1) To classify words related to squids, octopuses, fishing tools, 
fishing methods, fish names, fish processing and traditional fishery events into three types of “used,” 
“known,” and “not used” by the interviewees, which were collected through the fieldwork in Setana in 
the western region of the Oshima Peninsula; 2) to describe their meanings, usages and background 
information in detail. Compared to the dialectal words of Todohokke in the eastern region, it is revealed 
that ecologically-conditioned, socially-conditioned and linguistically-conditioned factors, interacting 
with one another, produce similarity and difference in word forms/meanings between the two regions.

Keywords : Comparison, Fishery dialect, Ecologically, Socially, Linguistically, Oshima Peninsula
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Language Change in Media 

- Stereotypes perpetuated – 

Margit KRAUSE-ONO*1 
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Abstract 
Media is said to be the Fourth Estate in modern democracies. However, national media also use 
stereotypes to perpetuate self-images of its own culture and prejudiced images of other cultures. An 
analysis of the reporting and broadcasting by German media concerning the recent Greek debt crisis 
will illustrate this power. The outcome demonstrates that media cannot be ignored in the teaching of 
ICC and its training, and that true media literacy is essential. 
Keywords: media, stereotype, media literacy  
 

 

 

1  INTRODUCTION 

In modern democratic states, media is often said to be, 
in addition to the executive, legislative and judicial 
powers, legal Fourth Estate. Although media does not 
have a power of its own to change politics or to punish 
power abuse, by publishing thoroughly investigated 
reports/articles and by raising public discussions, people 
can be made aware of problematic situations in society, 
can get involved and sometimes change those situations 
(Leyendecker, H., 2009). Media’s role is to ‘check’ the 
government and other public institutions by critically 
investigating their acts/deeds, to write about them and 
inform the public. In a democracy, the existence of 
differently orientated newspapers, magazines, TV 
programs etc. are necessary for the public to obtain 
different information leading people to form their own 
opinion on a certain subject (BPB. 2011). On the other 
hand, it has historically been said that published news is 
not necessarily the opinion of the public but that the 
prevailing (ruling) opinion is the opinion of the rulers e.g. 
those in power. (Die herrschende Meinung ist die 
Meinung der Herrschenden) (Marx, K. & F. Engels, 
2014). 

Over the past 20 years or so, the media in Germany 
have become more and more similar in their reporting  

 
*1 College of Liberal Arts 

and the opinions they propagate. Albrecht Mueller 
(2009) in his book ‘Meinungsmache’ (The Making of 
Public Opinion) gives various examples of non-fact 
related publications in media which reported non-
critically on political decisions. Journalists being 
members of think-tanks and other organizations close to 
power are one reason for this. This has been well 
demonstrated in the TV program ‘Die Anstalt’ (run in 
the German ZDF-channel in 2014). Another reason for 
this situation is that print media have become 
concentrated in the hands of a few owners or foundations, 
such as the publishers Bertelsmann and Springer, who 
control more than 75% of the German print media. These 
groups have continued to cut personnel. (Berger, J., 
2014). Only a few journalists are employed full-time and 
have a very restricted time-budget to investigate a 
certain subject. Many articles are written by freelancers 
or part-time journalists, whose income depends on how 
far they comply with unspoken rules (Berger, J., 2014). 
Also, many journalists no longer specialize in a certain 
field, such as science/ economics/ politics etc., but have 
to write on any subject they are assigned (Habermas, J., 
2010). 

On the other hand, however, media’s role in society 
cannot be overemphasized. It forms people’s self-
images and their images of others. Media continuously 
perpetuates culture as well as ideas, images, and 
stereotypes - about the culture of the country where the 
media is based and other countries’ cultures. (Krause-
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Ono, M. & S. Waechter, 2008). In daily life, orientations 
and decision-making are often based on stored 
stereotypes and prejudices. They are also often used to 
identify one’s own group as good and others as bad, or 
at least to create a moral distinction between groups 
(Thomas, A., 2006; Tajfel, H., 1982). Stereotypes and 
prejudices are omnipresent and often, for good or for bad, 
replace reflection, questioning, and doubt when they are 
most needed. To become aware of one’s stored 
stereotypes and prejudices, one requires reflective 
consciousness. To overcome them, points in common 
with the other group have to be found, focused, and 
trained on (Thomas, 2006). The latter is always an 
important part of ICC-training, lessons, and workshops. 
In fact, in every training or teaching of ICC, awareness 
raising of media’s role and its working is necessary for 
the development of true media literacy. So far, however, 
in the field of ICC itself, media’s role have not yet been 
fully studied and investigated (Sueda, K., 2009). 

Therefore, media always has a significant role in the 
perpetuation and reinforcement of stereotypes and 
prejudices in public opinion, especially when other 
nations and countries are concerned. In the case of the 
EU, with its 28 member-states and within the Eurozone 
with 19 member-states, stereotypes and prejudices 
among the countries and about each other abound. In this 
situation, and especially since the start of the so-called 
Euro-crisis in 2010, the responsibility of the media is of 
even greater importance. Foremost is the responsibility 
of the German media, as Germany is economically the 
biggest and most influential country of both groups. This 
paper examines, to a certain extent, how the majority of 
German media portrayed Greece and what effect this had. 

2  BACKGROUND 

After the Lehman Shock in 2007/8, the German media 
reported only for a very short time that this was a 
financial crisis of banks. Very soon the story was 
rewritten into a state debt crisis with enormous 
consequences for the EU countries in the EU’s south 
and/or periphery such as Ireland, Portugal, Spain, Italy 
and Greece. Although in the majority of these countries, 
the percentage of debt in comparison to the GDP had not 
been high before the crisis, this changed after 2008 and 
in 2010 Greece was bankrupt (OECD statistics 2011). 

A default then would have helped the Greek people, but 
not the big private investors, European banks, who had 
invested/speculated without thoroughly checking and 
now had a pile of bad loans. A default would have meant 
the bankruptcy of some of the banks. The IMF was 

called in by the EU and the ECB and together they 
forged a ‘rescue program for Greece’, using the ESM, 
which was mainly a smoke-screen to hide the bailout of, 
among others, two major German and French banks 
(Prichet-Edwards, 2015).

Within a year, most of the bad loans had been shifted 
to the public sector. Those loans had to be shouldered 
mainly by the Greek people and tax-payers of the other 
EU-countries (Flassbeck, 2015). Very little of the money 
lent by the ECB, EU and the IMF reached a typical 
Greek citizen. Instead, a draconian austerity plan was 
installed and supervised by members from the IMF, the 
ECB and the EU, who ensured that the Greek 
government in power would not deviate from the path 
forced upon them. 

The loans granted had to be used to pay interest rates 
and old loans back. The result was a shrinking of 25% of 
the Greek economy within the past five years. Wages are 
down by a third. Unemployment is up to 27% (60% 
among young people). Suicides have risen 40%, and the 
young and bright try to leave the country (Flassbeck, H., 
2015). Because Greece has no control of the common 
currency, the Euro, it has to pay high interest rates for 
money borrowed, which combined with the shrinking 
economy, inflates the whole original debt. 

Only recently, the research department of the IMF 
admitted (Telegraph, June 2015) that the imposed 
austerity program on Greece did not work as had been 
planned and that the entire prognosis had been wrong. 
The IMF debt report on Greece was published three days 
before the referendum on July 5, 2015 (IMF, 2015). 

If, what has been summarized above, would have been 
investigated properly by so-called quality print media in 
Germany and reported on in a neutral and fact-sticking 
manner, the opinion of the German public would almost 
certainly be very different today.

3. GERMAN MEDIA COVERAGE OF THE 
GREEK DEBT CRISIS 

Europe is no longer what J.N. Hughes-Wilson (2002) 
portrayed in the cartoon ‘The perfect European should 
be …’ in the late 1990’s. In 1995 the EU had expanded 
to 15 members, which were all former Western 
European countries. In the cartoons, stereotypes about 
each other were portrayed in a way that elicited sniggers 
and laughs about one’s own image. Existing stereotypes 
were used to raise awareness in a non-threatening way. 
Since then the EU expanded to 25 countries in 2004 and 
to 27 countries in 2007. In 2007, the EU also celebrated 
its 50th anniversary and things seemed fine on the surface. 
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After the Lehman Shock, however, stereotypes and 
prejudices have risen again, especially since 2010. 

Germany’s self-stereotype is to be very serious, hard-
working, and analytical, sticking to the rules, and taking 
written words for truth (Schroll-Machl, 2002). This 
combined with its idea and focus on the necessity of a 
balanced budget, plus its paranoid fear of inflation, was 
negatively instrumentalized by the German media in 
their reporting on Greek debts. From 2010 onward, 
instead of explaining the fact that at least one big major 
German bank had to be bailed-out, the widely read 
newspaper BILD (2 million printed, and read by about 8 
million people) became the cheerleader in Greece-
bashing with most of the other printed media following. 
BILD used simple headlines, very little text using 
prejudices and no explanation of the real and actual 
facts: (Bildblog, 2015). 
- Greece broke/bankcrupt! [Griechenland pleite!] 
- Then sell your islands, you broke Greeks … and the 
Acropolis with it! [Verkauft doch eure Inseln, ihr 
Pleite-Griechen …und die Akropolis gleich mit!] 
- That’s how good they have it, those broke Greeks 
[So gut geht’s den Pleite-Griechen] 
- Greeks richer than us! [Griechen reicher als wir!] 
- NO! No more billions for the greedy/voracious 
Greeks! [NEIN! Keine weiteren Milliarden für die 
gierigen Griechen!] 
- I am worried about my money [Ich habe Angst um 
mein Geld] etc. 

These and similar slogans were/are repeated in other 
mainstream print media, such as in FAZ, WELT, SZ, 
and BZ as well as in talk-shows on TV, even in programs 
of good standing. The Greeks are continuously portrayed 
as irrational, lazy, stubborn idiots, the ones responsible 
for the whole mess, squandering money and still wanting 
to party on German tax-payers money. This is done in a 
blunt and condescending tone. In contrast, the EU, ECB 
and IMF are backed by the media leaving no doubt who 
is right and who is wrong. The ground was prepared to 
put, in the public opinion, all the blame on the ‘lazy’ 
Greeks. 

It is not easy to find articles in mainstream media which 
try to explain what really happened. The whole 
responsibility is put onto the Greeks, with no word about 
the bail-out of the banks or the problems of sharing a 
common currency without the legal tools to balance 
surpluses and deficits among its member-states, with no 
word about the rigid implementation of the austerity 
program by IMF officials in Athens and their behavior 
towards an elected Greek government. The latter was 
even forbidden to pass any laws in parliament before the 

negotiations were concluded and the debts paid back 
(Nicos Kotsias, Greek secretary of state, May 2015). 

Instead, in nearly all media the German tax-payers are 
told they are paying for the Greek debts. Germans are 
turned and emotionalized against the Greeks and vice-
versa. After the election in January 2015, when the leftist 
Syriza government pledged to negotiate new terms of 
repayment, the concerted Greece-bashing rose to a 
crescendo and became increasingly very personal. 

Prime Minister Tsipras and his finance minister Yanis 
Varoufakis are portrayed in nearly all mainstream media 
as tricksters, gamblers, betrayers, who do not do their 
homework, and are childish, crazy, treacherous and 
insincere (Wolf, W. 2015). Especially since the moment 
Tsipras announced plans to hold a referendum, he and 
his government were accused of blackmailing and 
threatening institutions, and compared to a child, who 
has lost its temper and gone wild (Mueller, A. 2015).  

The bombardment of Greece-bashing news continues 
nearly hourly as many print media have an online 
version which is updated several times a day. Of course, 
it is impossible to publish thoroughly researched news at 
such a pace. However, all those constantly and 
everywhere repeated reports drive the message home: 
the Greeks are the bad, we are the good and do not want 
to be duped. The Greek budget is a hole that can never 
be filled. Let the Greeks go and don’t throw good money 
at them. 

After having ‘brainwashed’ the public, the media 
exculpates itself by citing the newest poll, which shows 
that the majority of Germans (more than 60%) do not 
want “to give any more of their money to the Greeks. 
The Greeks should exit the Eurozone and go back to a 
Drachma currency and leave the EU altogether” (ZDF 
Politbarometer, June 2015). 

One of the rare moments of truth could be found in the 
German ARD TV program Hartaberfair (2015) where 
the following was reported: Jean-Claude Juncker, now 
president of the European Commission mentioned at an 
official event in Brussels on April 20, 2011: “When 
things become tight, one has to lie!” [Wenn es Ernst wird 
muss man lügen!] 

The bashing is sometimes less crude, but maybe all the 
more powerful as the following interview (ARD 
Tagesthemen, June 2015) of the president of the 
European Parliament, Martin Schulz, by Thomas Roth, 
anchor of the German ARD news-program Tagesthemen, 
shows. 

The aim is to propagate that IMF, ECB, and the EU are 
the good side and that on the Greek side reigns ideology 
and irrationality. This message is cleverly embedded in 
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austerity program on Greece did not work as had been 
planned and that the entire prognosis had been wrong. 
The IMF debt report on Greece was published three days 
before the referendum on July 5, 2015 (IMF, 2015). 

If, what has been summarized above, would have been 
investigated properly by so-called quality print media in 
Germany and reported on in a neutral and fact-sticking 
manner, the opinion of the German public would almost 
certainly be very different today.

3. GERMAN MEDIA COVERAGE OF THE 
GREEK DEBT CRISIS 

Europe is no longer what J.N. Hughes-Wilson (2002) 
portrayed in the cartoon ‘The perfect European should 
be …’ in the late 1990’s. In 1995 the EU had expanded 
to 15 members, which were all former Western 
European countries. In the cartoons, stereotypes about 
each other were portrayed in a way that elicited sniggers 
and laughs about one’s own image. Existing stereotypes 
were used to raise awareness in a non-threatening way. 
Since then the EU expanded to 25 countries in 2004 and 
to 27 countries in 2007. In 2007, the EU also celebrated 
its 50th anniversary and things seemed fine on the surface. 
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deprecatory remarks, which are all the more credible, as 
the main part contains some insights, such as that 
austerity does not seem to work and that an employment 
program for Greece is necessary. (Mueller, A., 2015). 
The remarks in question are the followings: 
1. Schulz thinks that there is reason in politics, “even on 
the side of the Greek government [selbst auf Seite der 
griechischen Regierung][Translation by the author]”. 
2. Schulz: “We feel stressed out/ get the needle [Wir 
fuehlen uns genervt]” 
3. Schulz: “We too do not understand some of the 
reactions any more. [Wir verstehen auch manche 
Reaktion nicht mehr]” 
4. Schulz: “We do not understand why these people (the 
Greek government) do not accept it, but maybe we will 
get enlightened. [Warum diese Leute (die griechische 
Regierung) das nicht akzeptieren, verstehe ich nicht, 
aber vielleicht lernen wir es noch.] ” 
5. Schulz: “That is why I am a bit astonished that Mr. 
Tsipras does not want to agree to the offer, but maybe he 
will still see reason. [Deshalb bin ich so etwas ein 
bisschen erstaunt, dass der Herr Tsipras die Angebote 
nicht annehmen will, aber vielleicht kehrt die Vernunft 
ja noch bei ihm ein.]” 
6. T. Roth: “What is he playing at there? [Was er da 
treibt.]” 
7. Schulz: “This government must finally understand 
that so many people want to help her. [Da muss diese 
Regierung endlich begreifen, dass so viele Menschen ihr 
helfen wollen.]” 

The above tactics are well described in Albrecht 
Mueller’s book ‘Meinungsmache’ (2009) (The Making 
of Public Opinion). 

For five years now, Greece suffered under austerity and 
is still told that they are not doing their homework, e.g. 
to put through ‘reforms’ and privatize Greek assets such 
as ports, logistic infrastructure etc. According to 
Galbraith (2015), what is explained in Naomi Klein’s 
book ‘The Shock Doctrine’ (2007) seems to be the exact 
blue-print for what was and is done to Greece. 

4.  CONCLUSION  

In the past 20 years, more and more print media are 
concentrated in the hands of a few which has led to staff 
cuts, rationalizations and out-sourcing. Most of the 
remaining full-time journalists are connected to various 
think-tanks and institutions, and are too close to the 
centers of power to be interested in reporting on themes 
from a different and a differentiating perspective. 
Simply copying releases of news agencies and other 

media, repeating remarks of politicians and so-called 
‘experts’ without questioning their content has become 
normal. This has been well demonstrated by ‘Die Anstalt’ 
(2014). 

When reporting on events; media perpetuate auto- and 
hetero-stereotypes and prejudices which transport 
negative messages (Allport, 1979). The latter are 
especially dangerous as they play on crude, non-
reflected emotions and are easily believed when 
presented in a way compatible with people’s self-image. 
This could be easily seen in the German reporting on 
Greece with the media greatly influencing how ideas and 
opinions are shaped. 

Those in elected and non-elected positions of power 
tend to utilize media for their own purposes, such as to 
form public opinion. This was already well described by 
Eduard Bernay in his book ‘Propaganda’ in 1928. In 
today’s world this is often done in a concerted action by 
various actors writing for print media or appearing on 
TV, giving interviews etc. to achieve these goals. Media 
are no longer independent, but moves in aligned actions, 
which when examined closely, often repeat each other, 
thereby enforcing the message to be pushed through 
(Habermas, J., 2010). With this method, a lie repeated 
several times by various actors in various media is seen 
as true (Mueller, A., 2009). People tend to believe media, 
which is therefore a very important factor in intercultural 
communication. 

ICC can no longer ignore media when it comes to ICC 
training and/or sensitization courses about other cultures. 
The best course will be in vain if the power of media and 
its usage is not addressed. Fortunately during the past 
couple of years, this has been pointed out by various 
researchers in Japan (Sueda, K., 2009) and has been also 
addressed by the author (Krause-Ono, M., 2014) in 
previous publications. 

It is essential to deal with stereotypes and prejudices, 
both how they come into being and how to resist them. 
They are never helpful in finding a solution and rather 
aggravate an already tense situation. Real media literacy 
has to be taught, questioning the words or text published 
and broadcast. This may require individual research of 
the facts. In the case of the Greek debt crisis this is of 
utmost importance, as the political and economic future 
of a whole continent might be at stake. Important 
questions to ask would be: Cui bono? (For whom is it 
good or who does it really serve?), plus repeatedly 
asking ‘why?’. It is essential to get actively informed and 
not to rely on mainstream media. Each individual must 
watch out for easy messages which use stereotypes and 
prejudices in order to put one side down. If this is the 
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Ono, M. & S. Waechter, 2008). In daily life, orientations 
and decision-making are often based on stored 
stereotypes and prejudices. They are also often used to 
identify one’s own group as good and others as bad, or 
at least to create a moral distinction between groups 
(Thomas, A., 2006; Tajfel, H., 1982). Stereotypes and 
prejudices are omnipresent and often, for good or for bad, 
replace reflection, questioning, and doubt when they are 
most needed. To become aware of one’s stored 
stereotypes and prejudices, one requires reflective 
consciousness. To overcome them, points in common 
with the other group have to be found, focused, and 
trained on (Thomas, 2006). The latter is always an 
important part of ICC-training, lessons, and workshops. 
In fact, in every training or teaching of ICC, awareness 
raising of media’s role and its working is necessary for 
the development of true media literacy. So far, however, 
in the field of ICC itself, media’s role have not yet been 
fully studied and investigated (Sueda, K., 2009). 

Therefore, media always has a significant role in the 
perpetuation and reinforcement of stereotypes and 
prejudices in public opinion, especially when other 
nations and countries are concerned. In the case of the 
EU, with its 28 member-states and within the Eurozone 
with 19 member-states, stereotypes and prejudices 
among the countries and about each other abound. In this 
situation, and especially since the start of the so-called 
Euro-crisis in 2010, the responsibility of the media is of 
even greater importance. Foremost is the responsibility 
of the German media, as Germany is economically the 
biggest and most influential country of both groups. This 
paper examines, to a certain extent, how the majority of 
German media portrayed Greece and what effect this had. 

2  BACKGROUND 

After the Lehman Shock in 2007/8, the German media 
reported only for a very short time that this was a 
financial crisis of banks. Very soon the story was 
rewritten into a state debt crisis with enormous 
consequences for the EU countries in the EU’s south 
and/or periphery such as Ireland, Portugal, Spain, Italy 
and Greece. Although in the majority of these countries, 
the percentage of debt in comparison to the GDP had not 
been high before the crisis, this changed after 2008 and 
in 2010 Greece was bankrupt (OECD statistics 2011). 

A default then would have helped the Greek people, but 
not the big private investors, European banks, who had 
invested/speculated without thoroughly checking and 
now had a pile of bad loans. A default would have meant 
the bankruptcy of some of the banks. The IMF was 

called in by the EU and the ECB and together they 
forged a ‘rescue program for Greece’, using the ESM, 
which was mainly a smoke-screen to hide the bailout of, 
among others, two major German and French banks 
(Prichet-Edwards, 2015).

Within a year, most of the bad loans had been shifted 
to the public sector. Those loans had to be shouldered 
mainly by the Greek people and tax-payers of the other 
EU-countries (Flassbeck, 2015). Very little of the money 
lent by the ECB, EU and the IMF reached a typical 
Greek citizen. Instead, a draconian austerity plan was 
installed and supervised by members from the IMF, the 
ECB and the EU, who ensured that the Greek 
government in power would not deviate from the path 
forced upon them. 

The loans granted had to be used to pay interest rates 
and old loans back. The result was a shrinking of 25% of 
the Greek economy within the past five years. Wages are 
down by a third. Unemployment is up to 27% (60% 
among young people). Suicides have risen 40%, and the 
young and bright try to leave the country (Flassbeck, H., 
2015). Because Greece has no control of the common 
currency, the Euro, it has to pay high interest rates for 
money borrowed, which combined with the shrinking 
economy, inflates the whole original debt. 

Only recently, the research department of the IMF 
admitted (Telegraph, June 2015) that the imposed 
austerity program on Greece did not work as had been 
planned and that the entire prognosis had been wrong. 
The IMF debt report on Greece was published three days 
before the referendum on July 5, 2015 (IMF, 2015). 

If, what has been summarized above, would have been 
investigated properly by so-called quality print media in 
Germany and reported on in a neutral and fact-sticking 
manner, the opinion of the German public would almost 
certainly be very different today.

3. GERMAN MEDIA COVERAGE OF THE 
GREEK DEBT CRISIS 

Europe is no longer what J.N. Hughes-Wilson (2002) 
portrayed in the cartoon ‘The perfect European should 
be …’ in the late 1990’s. In 1995 the EU had expanded 
to 15 members, which were all former Western 
European countries. In the cartoons, stereotypes about 
each other were portrayed in a way that elicited sniggers 
and laughs about one’s own image. Existing stereotypes 
were used to raise awareness in a non-threatening way. 
Since then the EU expanded to 25 countries in 2004 and 
to 27 countries in 2007. In 2007, the EU also celebrated 
its 50th anniversary and things seemed fine on the surface. 
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case, as in the German media reporting on the Greek debt 
crisis, an ICC-training course for the journalists and 
those behind them is indispensable. 
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deprecatory remarks, which are all the more credible, as 
the main part contains some insights, such as that 
austerity does not seem to work and that an employment 
program for Greece is necessary. (Mueller, A., 2015). 
The remarks in question are the followings: 
1. Schulz thinks that there is reason in politics, “even on 
the side of the Greek government [selbst auf Seite der 
griechischen Regierung][Translation by the author]”. 
2. Schulz: “We feel stressed out/ get the needle [Wir 
fuehlen uns genervt]” 
3. Schulz: “We too do not understand some of the 
reactions any more. [Wir verstehen auch manche 
Reaktion nicht mehr]” 
4. Schulz: “We do not understand why these people (the 
Greek government) do not accept it, but maybe we will 
get enlightened. [Warum diese Leute (die griechische 
Regierung) das nicht akzeptieren, verstehe ich nicht, 
aber vielleicht lernen wir es noch.] ” 
5. Schulz: “That is why I am a bit astonished that Mr. 
Tsipras does not want to agree to the offer, but maybe he 
will still see reason. [Deshalb bin ich so etwas ein 
bisschen erstaunt, dass der Herr Tsipras die Angebote 
nicht annehmen will, aber vielleicht kehrt die Vernunft 
ja noch bei ihm ein.]” 
6. T. Roth: “What is he playing at there? [Was er da 
treibt.]” 
7. Schulz: “This government must finally understand 
that so many people want to help her. [Da muss diese 
Regierung endlich begreifen, dass so viele Menschen ihr 
helfen wollen.]” 

The above tactics are well described in Albrecht 
Mueller’s book ‘Meinungsmache’ (2009) (The Making 
of Public Opinion). 

For five years now, Greece suffered under austerity and 
is still told that they are not doing their homework, e.g. 
to put through ‘reforms’ and privatize Greek assets such 
as ports, logistic infrastructure etc. According to 
Galbraith (2015), what is explained in Naomi Klein’s 
book ‘The Shock Doctrine’ (2007) seems to be the exact 
blue-print for what was and is done to Greece. 

4.  CONCLUSION  

In the past 20 years, more and more print media are 
concentrated in the hands of a few which has led to staff 
cuts, rationalizations and out-sourcing. Most of the 
remaining full-time journalists are connected to various 
think-tanks and institutions, and are too close to the 
centers of power to be interested in reporting on themes 
from a different and a differentiating perspective. 
Simply copying releases of news agencies and other 

media, repeating remarks of politicians and so-called 
‘experts’ without questioning their content has become 
normal. This has been well demonstrated by ‘Die Anstalt’ 
(2014). 

When reporting on events; media perpetuate auto- and 
hetero-stereotypes and prejudices which transport 
negative messages (Allport, 1979). The latter are 
especially dangerous as they play on crude, non-
reflected emotions and are easily believed when 
presented in a way compatible with people’s self-image. 
This could be easily seen in the German reporting on 
Greece with the media greatly influencing how ideas and 
opinions are shaped. 

Those in elected and non-elected positions of power 
tend to utilize media for their own purposes, such as to 
form public opinion. This was already well described by 
Eduard Bernay in his book ‘Propaganda’ in 1928. In 
today’s world this is often done in a concerted action by 
various actors writing for print media or appearing on 
TV, giving interviews etc. to achieve these goals. Media 
are no longer independent, but moves in aligned actions, 
which when examined closely, often repeat each other, 
thereby enforcing the message to be pushed through 
(Habermas, J., 2010). With this method, a lie repeated 
several times by various actors in various media is seen 
as true (Mueller, A., 2009). People tend to believe media, 
which is therefore a very important factor in intercultural 
communication. 

ICC can no longer ignore media when it comes to ICC 
training and/or sensitization courses about other cultures. 
The best course will be in vain if the power of media and 
its usage is not addressed. Fortunately during the past 
couple of years, this has been pointed out by various 
researchers in Japan (Sueda, K., 2009) and has been also 
addressed by the author (Krause-Ono, M., 2014) in 
previous publications. 

It is essential to deal with stereotypes and prejudices, 
both how they come into being and how to resist them. 
They are never helpful in finding a solution and rather 
aggravate an already tense situation. Real media literacy 
has to be taught, questioning the words or text published 
and broadcast. This may require individual research of 
the facts. In the case of the Greek debt crisis this is of 
utmost importance, as the political and economic future 
of a whole continent might be at stake. Important 
questions to ask would be: Cui bono? (For whom is it 
good or who does it really serve?), plus repeatedly 
asking ‘why?’. It is essential to get actively informed and 
not to rely on mainstream media. Each individual must 
watch out for easy messages which use stereotypes and 
prejudices in order to put one side down. If this is the 
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After the Lehman Shock, however, stereotypes and 
prejudices have risen again, especially since 2010. 

Germany’s self-stereotype is to be very serious, hard-
working, and analytical, sticking to the rules, and taking 
written words for truth (Schroll-Machl, 2002). This 
combined with its idea and focus on the necessity of a 
balanced budget, plus its paranoid fear of inflation, was 
negatively instrumentalized by the German media in 
their reporting on Greek debts. From 2010 onward, 
instead of explaining the fact that at least one big major 
German bank had to be bailed-out, the widely read 
newspaper BILD (2 million printed, and read by about 8 
million people) became the cheerleader in Greece-
bashing with most of the other printed media following. 
BILD used simple headlines, very little text using 
prejudices and no explanation of the real and actual 
facts: (Bildblog, 2015). 
- Greece broke/bankcrupt! [Griechenland pleite!] 
- Then sell your islands, you broke Greeks … and the 
Acropolis with it! [Verkauft doch eure Inseln, ihr 
Pleite-Griechen …und die Akropolis gleich mit!] 
- That’s how good they have it, those broke Greeks 
[So gut geht’s den Pleite-Griechen] 
- Greeks richer than us! [Griechen reicher als wir!] 
- NO! No more billions for the greedy/voracious 
Greeks! [NEIN! Keine weiteren Milliarden für die 
gierigen Griechen!] 
- I am worried about my money [Ich habe Angst um 
mein Geld] etc. 

These and similar slogans were/are repeated in other 
mainstream print media, such as in FAZ, WELT, SZ, 
and BZ as well as in talk-shows on TV, even in programs 
of good standing. The Greeks are continuously portrayed 
as irrational, lazy, stubborn idiots, the ones responsible 
for the whole mess, squandering money and still wanting 
to party on German tax-payers money. This is done in a 
blunt and condescending tone. In contrast, the EU, ECB 
and IMF are backed by the media leaving no doubt who 
is right and who is wrong. The ground was prepared to 
put, in the public opinion, all the blame on the ‘lazy’ 
Greeks. 

It is not easy to find articles in mainstream media which 
try to explain what really happened. The whole 
responsibility is put onto the Greeks, with no word about 
the bail-out of the banks or the problems of sharing a 
common currency without the legal tools to balance 
surpluses and deficits among its member-states, with no 
word about the rigid implementation of the austerity 
program by IMF officials in Athens and their behavior 
towards an elected Greek government. The latter was 
even forbidden to pass any laws in parliament before the 

negotiations were concluded and the debts paid back 
(Nicos Kotsias, Greek secretary of state, May 2015). 

Instead, in nearly all media the German tax-payers are 
told they are paying for the Greek debts. Germans are 
turned and emotionalized against the Greeks and vice-
versa. After the election in January 2015, when the leftist 
Syriza government pledged to negotiate new terms of 
repayment, the concerted Greece-bashing rose to a 
crescendo and became increasingly very personal. 

Prime Minister Tsipras and his finance minister Yanis 
Varoufakis are portrayed in nearly all mainstream media 
as tricksters, gamblers, betrayers, who do not do their 
homework, and are childish, crazy, treacherous and 
insincere (Wolf, W. 2015). Especially since the moment 
Tsipras announced plans to hold a referendum, he and 
his government were accused of blackmailing and 
threatening institutions, and compared to a child, who 
has lost its temper and gone wild (Mueller, A. 2015).  

The bombardment of Greece-bashing news continues 
nearly hourly as many print media have an online 
version which is updated several times a day. Of course, 
it is impossible to publish thoroughly researched news at 
such a pace. However, all those constantly and 
everywhere repeated reports drive the message home: 
the Greeks are the bad, we are the good and do not want 
to be duped. The Greek budget is a hole that can never 
be filled. Let the Greeks go and don’t throw good money 
at them. 

After having ‘brainwashed’ the public, the media 
exculpates itself by citing the newest poll, which shows 
that the majority of Germans (more than 60%) do not 
want “to give any more of their money to the Greeks. 
The Greeks should exit the Eurozone and go back to a 
Drachma currency and leave the EU altogether” (ZDF 
Politbarometer, June 2015). 

One of the rare moments of truth could be found in the 
German ARD TV program Hartaberfair (2015) where 
the following was reported: Jean-Claude Juncker, now 
president of the European Commission mentioned at an 
official event in Brussels on April 20, 2011: “When 
things become tight, one has to lie!” [Wenn es Ernst wird 
muss man lügen!] 

The bashing is sometimes less crude, but maybe all the 
more powerful as the following interview (ARD 
Tagesthemen, June 2015) of the president of the 
European Parliament, Martin Schulz, by Thomas Roth, 
anchor of the German ARD news-program Tagesthemen, 
shows. 

The aim is to propagate that IMF, ECB, and the EU are 
the good side and that on the Greek side reigns ideology 
and irrationality. This message is cleverly embedded in 
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Ono, M. & S. Waechter, 2008). In daily life, orientations 
and decision-making are often based on stored 
stereotypes and prejudices. They are also often used to 
identify one’s own group as good and others as bad, or 
at least to create a moral distinction between groups 
(Thomas, A., 2006; Tajfel, H., 1982). Stereotypes and 
prejudices are omnipresent and often, for good or for bad, 
replace reflection, questioning, and doubt when they are 
most needed. To become aware of one’s stored 
stereotypes and prejudices, one requires reflective 
consciousness. To overcome them, points in common 
with the other group have to be found, focused, and 
trained on (Thomas, 2006). The latter is always an 
important part of ICC-training, lessons, and workshops. 
In fact, in every training or teaching of ICC, awareness 
raising of media’s role and its working is necessary for 
the development of true media literacy. So far, however, 
in the field of ICC itself, media’s role have not yet been 
fully studied and investigated (Sueda, K., 2009). 

Therefore, media always has a significant role in the 
perpetuation and reinforcement of stereotypes and 
prejudices in public opinion, especially when other 
nations and countries are concerned. In the case of the 
EU, with its 28 member-states and within the Eurozone 
with 19 member-states, stereotypes and prejudices 
among the countries and about each other abound. In this 
situation, and especially since the start of the so-called 
Euro-crisis in 2010, the responsibility of the media is of 
even greater importance. Foremost is the responsibility 
of the German media, as Germany is economically the 
biggest and most influential country of both groups. This 
paper examines, to a certain extent, how the majority of 
German media portrayed Greece and what effect this had. 

2  BACKGROUND 

After the Lehman Shock in 2007/8, the German media 
reported only for a very short time that this was a 
financial crisis of banks. Very soon the story was 
rewritten into a state debt crisis with enormous 
consequences for the EU countries in the EU’s south 
and/or periphery such as Ireland, Portugal, Spain, Italy 
and Greece. Although in the majority of these countries, 
the percentage of debt in comparison to the GDP had not 
been high before the crisis, this changed after 2008 and 
in 2010 Greece was bankrupt (OECD statistics 2011). 

A default then would have helped the Greek people, but 
not the big private investors, European banks, who had 
invested/speculated without thoroughly checking and 
now had a pile of bad loans. A default would have meant 
the bankruptcy of some of the banks. The IMF was 

called in by the EU and the ECB and together they 
forged a ‘rescue program for Greece’, using the ESM, 
which was mainly a smoke-screen to hide the bailout of, 
among others, two major German and French banks 
(Prichet-Edwards, 2015).

Within a year, most of the bad loans had been shifted 
to the public sector. Those loans had to be shouldered 
mainly by the Greek people and tax-payers of the other 
EU-countries (Flassbeck, 2015). Very little of the money 
lent by the ECB, EU and the IMF reached a typical 
Greek citizen. Instead, a draconian austerity plan was 
installed and supervised by members from the IMF, the 
ECB and the EU, who ensured that the Greek 
government in power would not deviate from the path 
forced upon them. 

The loans granted had to be used to pay interest rates 
and old loans back. The result was a shrinking of 25% of 
the Greek economy within the past five years. Wages are 
down by a third. Unemployment is up to 27% (60% 
among young people). Suicides have risen 40%, and the 
young and bright try to leave the country (Flassbeck, H., 
2015). Because Greece has no control of the common 
currency, the Euro, it has to pay high interest rates for 
money borrowed, which combined with the shrinking 
economy, inflates the whole original debt. 

Only recently, the research department of the IMF 
admitted (Telegraph, June 2015) that the imposed 
austerity program on Greece did not work as had been 
planned and that the entire prognosis had been wrong. 
The IMF debt report on Greece was published three days 
before the referendum on July 5, 2015 (IMF, 2015). 

If, what has been summarized above, would have been 
investigated properly by so-called quality print media in 
Germany and reported on in a neutral and fact-sticking 
manner, the opinion of the German public would almost 
certainly be very different today.

3. GERMAN MEDIA COVERAGE OF THE 
GREEK DEBT CRISIS 

Europe is no longer what J.N. Hughes-Wilson (2002) 
portrayed in the cartoon ‘The perfect European should 
be …’ in the late 1990’s. In 1995 the EU had expanded 
to 15 members, which were all former Western 
European countries. In the cartoons, stereotypes about 
each other were portrayed in a way that elicited sniggers 
and laughs about one’s own image. Existing stereotypes 
were used to raise awareness in a non-threatening way. 
Since then the EU expanded to 25 countries in 2004 and 
to 27 countries in 2007. In 2007, the EU also celebrated 
its 50th anniversary and things seemed fine on the surface. 
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most needed. To become aware of one’s stored 
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with the other group have to be found, focused, and 
trained on (Thomas, 2006). The latter is always an 
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In fact, in every training or teaching of ICC, awareness 
raising of media’s role and its working is necessary for 
the development of true media literacy. So far, however, 
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fully studied and investigated (Sueda, K., 2009). 
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Euro-crisis in 2010, the responsibility of the media is of 
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of the German media, as Germany is economically the 
biggest and most influential country of both groups. This 
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German media portrayed Greece and what effect this had. 
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reported only for a very short time that this was a 
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and Greece. Although in the majority of these countries, 
the percentage of debt in comparison to the GDP had not 
been high before the crisis, this changed after 2008 and 
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A default then would have helped the Greek people, but 
not the big private investors, European banks, who had 
invested/speculated without thoroughly checking and 
now had a pile of bad loans. A default would have meant 
the bankruptcy of some of the banks. The IMF was 

called in by the EU and the ECB and together they 
forged a ‘rescue program for Greece’, using the ESM, 
which was mainly a smoke-screen to hide the bailout of, 
among others, two major German and French banks 
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EU-countries (Flassbeck, 2015). Very little of the money 
lent by the ECB, EU and the IMF reached a typical 
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installed and supervised by members from the IMF, the 
ECB and the EU, who ensured that the Greek 
government in power would not deviate from the path 
forced upon them. 

The loans granted had to be used to pay interest rates 
and old loans back. The result was a shrinking of 25% of 
the Greek economy within the past five years. Wages are 
down by a third. Unemployment is up to 27% (60% 
among young people). Suicides have risen 40%, and the 
young and bright try to leave the country (Flassbeck, H., 
2015). Because Greece has no control of the common 
currency, the Euro, it has to pay high interest rates for 
money borrowed, which combined with the shrinking 
economy, inflates the whole original debt. 

Only recently, the research department of the IMF 
admitted (Telegraph, June 2015) that the imposed 
austerity program on Greece did not work as had been 
planned and that the entire prognosis had been wrong. 
The IMF debt report on Greece was published three days 
before the referendum on July 5, 2015 (IMF, 2015). 

If, what has been summarized above, would have been 
investigated properly by so-called quality print media in 
Germany and reported on in a neutral and fact-sticking 
manner, the opinion of the German public would almost 
certainly be very different today.
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Europe is no longer what J.N. Hughes-Wilson (2002) 
portrayed in the cartoon ‘The perfect European should 
be …’ in the late 1990’s. In 1995 the EU had expanded 
to 15 members, which were all former Western 
European countries. In the cartoons, stereotypes about 
each other were portrayed in a way that elicited sniggers 
and laughs about one’s own image. Existing stereotypes 
were used to raise awareness in a non-threatening way. 
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Phonological Interpretation of  
the Voiceless Alveolar Trill in Icelandic 
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Abstract 
Icelandic has the voiceless alveolar trill. The voiceless alveolar trill has traditionally been analyzed as 
a realization of /hr/ sequence, and within a recent framework based on the modern distinctive feature 
theory, the trill may be analyzed as the devoicing of /r/ which is triggered by the feature [+spread 
glottis] of the following segment. However, both of these two previous analyses have several 
deficiencies in their data and argumentation. On critical examination of the previous studies and 
based on the data of compounds and phrase/sentences, which both of the previous analyses failed to 
take into consideration, this paper shall draw the following three conclusions: i) besides /r/, the 
voiceless alveolar trill is a phoneme in Icelandic; ii) the voiceless trill in the word-initial and -medial 
position are both phonemic; iii) the voiceless trill in the word-final position is the realization of /r/ 
which is devoiced at the utterance-final position. 
 
Keywords : minimal pairs phonemic alternations, compounds, sentences, utterance-final devoicing 
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˚
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Ono, M. & S. Waechter, 2008). In daily life, orientations 
and decision-making are often based on stored 
stereotypes and prejudices. They are also often used to 
identify one’s own group as good and others as bad, or 
at least to create a moral distinction between groups 
(Thomas, A., 2006; Tajfel, H., 1982). Stereotypes and 
prejudices are omnipresent and often, for good or for bad, 
replace reflection, questioning, and doubt when they are 
most needed. To become aware of one’s stored 
stereotypes and prejudices, one requires reflective 
consciousness. To overcome them, points in common 
with the other group have to be found, focused, and 
trained on (Thomas, 2006). The latter is always an 
important part of ICC-training, lessons, and workshops. 
In fact, in every training or teaching of ICC, awareness 
raising of media’s role and its working is necessary for 
the development of true media literacy. So far, however, 
in the field of ICC itself, media’s role have not yet been 
fully studied and investigated (Sueda, K., 2009). 

Therefore, media always has a significant role in the 
perpetuation and reinforcement of stereotypes and 
prejudices in public opinion, especially when other 
nations and countries are concerned. In the case of the 
EU, with its 28 member-states and within the Eurozone 
with 19 member-states, stereotypes and prejudices 
among the countries and about each other abound. In this 
situation, and especially since the start of the so-called 
Euro-crisis in 2010, the responsibility of the media is of 
even greater importance. Foremost is the responsibility 
of the German media, as Germany is economically the 
biggest and most influential country of both groups. This 
paper examines, to a certain extent, how the majority of 
German media portrayed Greece and what effect this had. 

2  BACKGROUND 

After the Lehman Shock in 2007/8, the German media 
reported only for a very short time that this was a 
financial crisis of banks. Very soon the story was 
rewritten into a state debt crisis with enormous 
consequences for the EU countries in the EU’s south 
and/or periphery such as Ireland, Portugal, Spain, Italy 
and Greece. Although in the majority of these countries, 
the percentage of debt in comparison to the GDP had not 
been high before the crisis, this changed after 2008 and 
in 2010 Greece was bankrupt (OECD statistics 2011). 

A default then would have helped the Greek people, but 
not the big private investors, European banks, who had 
invested/speculated without thoroughly checking and 
now had a pile of bad loans. A default would have meant 
the bankruptcy of some of the banks. The IMF was 

called in by the EU and the ECB and together they 
forged a ‘rescue program for Greece’, using the ESM, 
which was mainly a smoke-screen to hide the bailout of, 
among others, two major German and French banks 
(Prichet-Edwards, 2015).

Within a year, most of the bad loans had been shifted 
to the public sector. Those loans had to be shouldered 
mainly by the Greek people and tax-payers of the other 
EU-countries (Flassbeck, 2015). Very little of the money 
lent by the ECB, EU and the IMF reached a typical 
Greek citizen. Instead, a draconian austerity plan was 
installed and supervised by members from the IMF, the 
ECB and the EU, who ensured that the Greek 
government in power would not deviate from the path 
forced upon them. 

The loans granted had to be used to pay interest rates 
and old loans back. The result was a shrinking of 25% of 
the Greek economy within the past five years. Wages are 
down by a third. Unemployment is up to 27% (60% 
among young people). Suicides have risen 40%, and the 
young and bright try to leave the country (Flassbeck, H., 
2015). Because Greece has no control of the common 
currency, the Euro, it has to pay high interest rates for 
money borrowed, which combined with the shrinking 
economy, inflates the whole original debt. 

Only recently, the research department of the IMF 
admitted (Telegraph, June 2015) that the imposed 
austerity program on Greece did not work as had been 
planned and that the entire prognosis had been wrong. 
The IMF debt report on Greece was published three days 
before the referendum on July 5, 2015 (IMF, 2015). 

If, what has been summarized above, would have been 
investigated properly by so-called quality print media in 
Germany and reported on in a neutral and fact-sticking 
manner, the opinion of the German public would almost 
certainly be very different today.

3. GERMAN MEDIA COVERAGE OF THE 
GREEK DEBT CRISIS 

Europe is no longer what J.N. Hughes-Wilson (2002) 
portrayed in the cartoon ‘The perfect European should 
be …’ in the late 1990’s. In 1995 the EU had expanded 
to 15 members, which were all former Western 
European countries. In the cartoons, stereotypes about 
each other were portrayed in a way that elicited sniggers 
and laughs about one’s own image. Existing stereotypes 
were used to raise awareness in a non-threatening way. 
Since then the EU expanded to 25 countries in 2004 and 
to 27 countries in 2007. In 2007, the EU also celebrated 
its 50th anniversary and things seemed fine on the surface. 
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Rögnvaldsson (2013)(3)
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c. marka [már
˚

ka]「印をつける」
– marga [márka]「多い INFL.」
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A Study on Sustainable and Increase or Decrease of the Positive 
Image of the Developmental Disorder 
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Abstract 
The education of disorders understanding is an important issue for students of teacher-training course. 
In one teaching professional class, students visited the children's development support facilities. 
Students responded three times to the survey of the Disorders image by SD method. The first test was 
checked before the visiting, the second was immediately after it, and third was two months after it. 
Although assessment of the positive image has been increased after the visiting, many of the students 
were decreased to two months later. However, in a certain number of students it showed the tendency 
of the positive image is increased or maintain even after two months. This phenomenon has been 
discussed as the effect associated with the "sleeper-effect ". 
 
Keywords : Development disorders Teacher training Sleeper-effect 
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