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Preface to Specials : The Papers Presented at the Symposium on Mechanical Engineering -
Industrial Engineering, and Robotics 2015 (MIER2015) held at Muroran, Hokkaido, Japan on
29 - 30 May 2015

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, TIIEME-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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Teeramaethin LIMWITTAYAKORN * and Wongkot WONGSAPAI *

(Received 26™ October 2015, Accepted 2™ February 2016)

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

Biomass Supply Chain for Renewable Heat Incentive in Thailand

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.

*Department of mechanical engineering,

Faculty of Engineering, Chiang Mai University

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)

Success

Types of Unit* :I‘arget 2013 2014 w Rate in
energy in 2021 (Q1-Q3) 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 = quaterl to quater3

2.1 Biomass for Heat Supply Chain Modeling

2 METHODS

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

2.1.2 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.
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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).

LCC - CC+C0&M+ CF‘ S

Where: Cc = The capital cost (Baht)
Cosm= Operation and Maintenance Cost
Cr = 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.
incurred at the end of each year and determine by the

The costs are expressed as annual expenses

formula:

C. P i+i)"
A+ -1

where: N = Number of years
P = Production cost (Baht)
i = Discount Rate % / year

2. Operation and Maintenance Cost (Cos&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:

< F,(1+e)’
W_tdLH) Z:a+g

where: PW=
Ft=Production cost at the t year, t =
1,2,3,..n
Fo= Production cost at the present year

Present value of the project (Baht)

e=  Escalation rate
n=  Project period (year)

3. Fuel Cost (Cr)
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
ofthe 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

S, i(1+0)"
A+ A+ -1

where: S= Salvage value in each year (Baht/year)

formula:

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.

e Debt to Equity Ratio (D/E) varies from 50:50,
60:40, 70:30 and 80:20,
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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 /0%

12% and 15%,

Project duration is /0 years.

RHI can be calculated from the equation below.
N

48

o (1+0)"
I

(1+i)"

FC +

>

n=0

RHI =

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/M1J or 0.22 baht/kg of wood pellet.
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Analysis of Wooden Toy Manufacturing Costs Through the
Application of a Time-Driven Activity-Based Costing System

Ramida PONGWASIT* and Rungchat CHOMPU-INWAT*

(Received 26™ October 2015, Accepted 2™ February 2016)

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.

* Department of Industrial Engineering,
Faculty of Engineering, Chiang Mai University

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.

Overhead
38%

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 V. 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 .

2.1.2 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 @,

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 wuses time as criteria or key
measurement variable for the allocation of costs,
because all costs involve time ®. 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 . TDABC
uses a simple calculation with only two important
variables included: the capacity cost rate and the actual
time spent on each process . The list below describes
what advantages TDABC has over ABC @:

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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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 ©), 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 ®.

Another study of a US dairy production factory also
made similar findings related to TDABC . 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 . 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 ¥. 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 ®,

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 13" 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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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

v

Estimate cost of all resources Determine time estimates for
supplied each sub-activity

v v

Estimate the capacity

Estimate practical capacity required by cach sub-activity

v

| Calculate capacity cost rates |— | Calculate unit costs

Figure 3 Process used for applying TDABC ©.

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 ©.

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.

Assemble
Oven-dry Paint > (final
product)
v 4
Dry Adjustment @
v L)
Assemble
Store (sub parts) Pack
[ Sawwood | [ Finepolish |
Rough Cut/ Drill/ Deliver to
polish Scoop 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
(i) 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 warchouse: 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)

o Labor Cost of all
No. Sub-Activities Overheads resources
costs .
supplied
Transfer the wood
1 from storage to the 7,644.00 352.00 7,996.00
oven
2 Oven-dry the wood 2,548.00 21,666.67 24,214.67
Transfer the wood
3 from the oven to the 7,644.00 352.00 7,996.00
drying area
4 Dry the wood 2,548.00 900.00 3,448.00
Transfer the wood
5 from the drying area 7,644.00 176.00 7,820.00
to the store
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 ()
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 ), and the
mathematical model used to establish TDABC time
equation is shown below

Ti=Bo + BiXi @)
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where
T = the time needed to perform an activity
(minute).
Bo = the standard time to perform the basic activity
(minute).
Bi = the estimated time to perform the incremental

activity (minute).
X; =the quantity of the incremental activity (time).

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

T wood preparation activity center — 24. ISXI +10X2 +10,368X3
+10X4 +60Xs +23.03 X5
+10,080X7+22.25Xs
+0.57Xo 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
reparation activity center (unit: Quantity/month)

Cost of all Practical s
- resources ;
No. Sub-Activities li capacity cost rate
supplied @ onth) | (w/min)
(8/month) b
[1] [2] [1112]=[3]
|| Transferwood from |5 99600 | 113200 0.71
storage to the oven
2 Oven-dry the wood 24,214.67 11,232.00 2.16
Transfer the wood
3 from the oven to the 7,996.00 11,232.00 0.71
drying area
4 Dry the wood 3,448.00 10,080.00 0.34
Transfer the wood
5 from the drying area 7,820.00 11,232.00 0.70
to the store
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
reparation activity center

No. Sub-Activities Time equations

| Transfer wood from storage to the 24.15X,

oven
10X>+10,368X5+

2 Oven-dry the wood 10X+60Xs

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

4 Dry the wood 10,080X5

5 Transfer the wood from the drying 22.25X;
area to the store

6 Store the wood 0.57Xy

From Table 3, the time equation for the wood preparation
activity center was developed as shown in Equation (3)

Var. Driver Quantity/month

X, Transfer wood from storage to the oven 200
(rounds)

X Number of ovens operating 5
(frequency/month)

X5 | Oven-dry the wood (frequency/month) 1
Number of ovens not operating 5
(frequency/month)

Xs | Waiting periods (frequency/month) 1
Transfer the wood from the oven to the

X . 160
drying area (rounds)

X; | Dry the wood (frequency/month) 1

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

Xy | 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 = (24.15x200) + (10x2) +
(10,368x1) + (10x2) +
(60x1) + (23.03x160) +
(10,080x1) + (22.25%x160)
+ (0.57%x4,000)
= 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 X equals 200 in 24.15X, 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

Used Cagratyy Total cost
No. Sub-Activities time cost rate (/month)
(min) | (®/min) ©
Transfer of wood
1 from storage to the 4,830.00 0.71 3,429.30
oven
Oven-dry the
2 wood 10,468.00 2.16 22,610.88
Transfer the wood
3 from the oven to 3,684.80 0.71 2,616.21
the drying area
4 | Dry the wood 10,080.00 0.34 3,427.20
Transfer the wood
5 from the drying 3,560.00 0.70 2,492.00
area to the store
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 + 10X + 10,368X;3
+10X4 + 60X5 +23.03X6 + 10,080X5
+22.25Xg+0.57Xo + X0t 0.3X1;
+1.14X1,10.45X 3 + 2.05X 141+ 0.34X 5
+0.48X;6+ Xi7+ 1.01 X 5+ 0.53X9
+0.38X50 +2.03X51+1.57X5 + 0.58 X3
+ 1.48X04 +2.54X05 + 1 Xo6+ 1.22X57
+0.1Xo8+ 0.2X59 + 1.03X30+4.42X5;
+4.05X3, (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 ®)

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) x 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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Table 6 Analysis of capacity utilization in the wood
preparation activity center

8 g2l e Elgg &
S | 2% Bz | BE|ZE wi=
] 5 28 8| IZE 22|25 282
A £ | Ess| ES| £% |29 5%
7 g - AL .
m | @ | PR @ e
Transfer
of wood
1| from 1123200 | 483000 640200 | 071 4,545.42
storage to
the oven
Oven-
2 the wodorg 1123200 | 1046800 76400 | 216 1,650.24
Transfer
the wood
from
3 | theoven 11,232.00 3,684.80 754720 | 071 5,358.51
to the
drying
area
Dry the
4 wood 10,080.00 | 10,080.00 000 | 034 0.00
Transfer
the wood
from
5| the 11,232.00 3,56000 767200 | 070 5,370.40
drying
area to
the store
6| Storethe | 3000 | 208000 | 146400 | 072 | 1.054.08
wood T ) T ) T
Total 58,752.00 | 3490280 | 2384920 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 V. 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

* Department of Industrial Engineering,
Faculty of Engineering, Chiang Mai University

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 ), 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 ©.
Additionally, according to ), 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 .
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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 ®). 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 ©; 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 @
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 ®, 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.

—_

1. Planning  |—{ 1. Identify the subject of benchmarking exercise

N

Select benchmarking partner

%)

. Define data collection methods and data collection process

\4

b

2. Analysis — Gap analysis (at present)

w

. Project potential differences

\4

(=}

3. Integration || 6. Communicate analysis results to concerned parties

~

Set target (functional goals)

\4

oo

4 Action . Develop action plans

9. Implement and monitor

10. Continuous improvement

Fig. 1. Benchmarking steps introduced by Xerox
Corporation ®

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-a-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
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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 ), and the area selected should be
consistent with the strategic direction of the company
involved 19, 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
warechouse 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.

1. Receive goods from packing department
( goods inspection)

v

2. Movement of goods into storage

\Z

3. Transportation of goods within the warehouse

\Z

4. Storage of goods in the finished good warehouse

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 (V.

- The warehouse management operational system
(R2) helps ensure that inventory management
and planning activities are managed in an
appropriate and effective manner 2,

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

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

- The inventory accuracy rate (R5) is employed to
support financial and operational processes (1>

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) ¥ 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 (3.

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) (%);
conducted in order to enhance competitiveness.
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- Design of materials flows (T2) ¥; will be
effective or not depending upon the type of
warehouse management activities used at an
organization.

- Order picking (T3) 9; represents how effective
each organization manages its warchouse
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 warchouse
operations effectively (7).

- 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 7).

- Use of a computerized inventory management
system (H3); to provide more accurate stock
information (9.

- Review  reserve  storage (H4)  when
manufacturing seasonal products (3

- Inventory turnover ratio (HS5); employed to
assess the effectiveness of the inventory
management process (1.

- Inventory and opportunity cost (H6) are
calculated in order to respond to changes in
factors which do not impact on consumer
demand (19,

-  Warehouse space utilization ratio (H7) is
calculated to improve the effectiveness of
warehouse operations 1),

- Average inventory day (HS8) 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 1” 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 1 = Load and inspect Assessment
eliminate goods before receiving | scored on a

unnecessary | 2 = Immediate scale of 1 to

steps, so movement of goods 5
facilitating into storage
improved 3 = Immediate

performance. | transportation of goods
for dispatch

4 = Immediate delivery
to final customers

5 = Preparation prior to
receiving goods

Movement of goods into storage
M?2- Put-away rate

Put-away (Total no. of products picked)/ | Score

rate indicates | (No.of workers x derived from
how working hours) the equation
effective an
organization | Unit:

carries out pallets/worker/hour
its storage
activities

3.2 Potential benchmarking partner selection

Even though competition among organizations is
often intense, benchmarking can lead to cooperation
between them (!9, 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 (!9, The data collection process for this study
was carried out as follows:

1. Personal interviews with the warchouse
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)
Indicator Measuring Organization
unit A | B C
T4 Order Picking
Speed
No. of Products | Pallet 25 | 18 | 25
Picked
No. of Workers | Worker 5 4 4
Time Employed | Hour 1.5] 1 2
Order picking Pallet/worker/ | 3.3 | 4.5 | 3.1
speed hour

The order picking speed was calculated using
equation (1):

(Total number of products picked)/
(Number of workers X working hours) )

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
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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

(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 (HS).

3.5 Potential differences and enablers analysis

companies
Indica Assessment score Benchmark Enablers, meaning those factors that enable an
tor A B C* organization to attain best practice, were identified for
code each individual KPIs so that the case study company
R1 5 5 5 _ would be able to apply them its own processes.
R2 5 4 5 A.C Typically, there are a number of enabler analysis
R3 b > 5 C methods. In this case; however, the researchers
R4 4 3 4 AC analyzed potential enablers by visiting the case study
RS 97.23% | 94.72% | 93.58% A company and holding a personal interview with the
Mi | 1 1 ) head of the warehouse department, to glean in-depth
D2 1 1 1 B information on the best practices used. This facilitated
M3 3 3 3 - an effective analysis of potential enablers. An example
of such an analysis, of the KPI for order picking speed,
Tl 4 4 4 . is shown in Table 4.
T2 2 2 3 C
T3 2 3 1 B Table 4. Example of enabler analysis
T4 3.3 4.5 3.13 B
H1 4 4 4 - Action Enabler
H2 4 3 3 A Picking - Clear categorization of finished
H3 5 3 4 A orders quickly | goods
H4 4 2 2 A -Storage locations are visibly recorded
H5 1 1 1 - on a board
Ho6 4 2 1 A
H7 42.12% | 35.85% | 32.5% A 3.6 Communication of results to concerned parties
HS 1 1 3 C Any conclusions developed for the analysis of

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

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)
Indicator Current Target | Deadline
Performance
Order picking 3.13 4.5 March
speed 2015
(pallets/worker
/hour)

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
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Thailand

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

. Timeline
Action

W1 | W2 | W3 | W4

A-Presentation to 3
executives

B—Creation of finished >
goods warehouse layout

C—Worker training; to >
improve understanding

D—Continuous >
improvement

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
warchouse 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
warchouse 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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A Four-Legged Mobile Robot with Prismatic Joints
on Spiral Footholds
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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

* College of Design and Manufacturing Technology

**  School of Electrical Engineering and Automation,
Henan Polytechnic University

**%  College of Information and Systems

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'),
automatic driving cars® rescue robots® 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® in the
wetlands®. 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®. 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” . 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.

__Link21 _Body

\ »//:/‘/‘/,' ,“'J
Right Double Spiral‘ "~ Left Double Spiral
Figure 1 Conceptual design of the proposed robot

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® . 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 Figurel, 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.
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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 Linkl15, 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 Linkll 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

Link 13

Link 15 Link 14

Opening motion
Closing motion

Figure 2 Leg motion to support the spiral

call this plane Linkl13’s working space. In the
gantry-shaped mechanism, there is one additional DOF
of the opening/closing motion of Linkl4 and Linkl5.
The working space of the grippers mounted on Link14
and Linkl5 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 Linkl13 to the projection of the line
segment joining a pair of the points on the Linkl3
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 Legl, Leg2, Leg3, and Leg4, respectively.
Here we explain the coordinate systems of Legl as a
representative of the other legs, since each leg has the
same structure.

Legl consists of Links 11 to 15 and Grippers 14 to
15. Links 11 and 12 translate along the y; and x;
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.
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Figure 3 Coordinate systems of the robot

We denote the coordinate system of the body as X;. We
denote each coordinate system of Link{(ab) as Z(4p)
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®.
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!?),
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 x;-y; 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 Linkl5. 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 Linkl5
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 Linkl5 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 1is usually
represented by homogeneous transformation. The 3x3
block matrix, which consists of the first 3 rows and the
first 3 columns of a homogeneous transform matrix,
represents a rotation matrix. The 3x1 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 Legl are as follows.

Rotation

h-——’ﬁ_ﬂﬁ%%i ,

Link14

Link15__| |

Sb—__ <=

Opening

(a) (D)

/Sa

[

=

Translation

Closing

(© (d)

Figure 4 Procedure of a step motion to the next footing
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where <a)H(b) represents a homogeneous transform
matrix from coordinate system (a) to coordinate
system (b). The values of hy;, hq,, hy5, and hy, are
the offset distances in the z; axis direction between
the y,axis, y;; axis, y;, axis, Y;3 axis, and y;,
axis, respectively. The value of l;; is the offset
distance in the x; axis direction between y;axis and
vy, axis. The variables of dy;, d;,, and d;5 are the
joint displacements in the direction of the y; axis, x4
axis, and x;5 axis, respectively. The variable of 6,3
is the joint angle around the z;; axis. The position
vectors of grippers *p,, and °p;s, with respect to
%4 and Z;s, are represented as follows, respectively.

0 0
14P14 = [ 0 l 151915 = [ 0 l 6)
—hys —hy4

For the calculation of the working space of Link13,
'H,; is obtained by multiplying the successive
homogeneous transform matrices.

1H13 = 1H1111H1212H13
cosfy3 —sinby;3 O =l +dy,
_|sinf;3 cosB;3 O diq
| o 0 1 —hy—hy,—hys
0 0 0 1

(7

The position vector of the origin of Z,5, Ppi3, is
represented as follows.

—l; +dy
] (8

11’13 = [ dqq
—hy1—hy;—hy3

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

11'114 = 11'113131'114
C05013 —Sil’l913 0 _l11 + d12 - d15 CoS 913

Sin913 C05913 0 dll - d15 Sln 613
0 0 1 _h11_h12_h13_h14
0 0 0 1
9
11'115 = 11'113131'115

C05913 _Sin913 0 _lll + d12 + d15 Cos 913
_ [sinfi3  cosbBiz 0 dyq + dy5sin ;3
0 0 1 _hll_h12_h13_h14—
0 0 0 1

(10)

The position vectors of grippers, ‘p;4and 'pis,
with respect to Z;, are represented as follows.

-_lll + d12 - d15 CosS 613_
P1s = dy1 — dy5Sinfy3 (11)
[ —hyy—hy;—hy3—2hy, |

-_lll + d12 + dls CoS 913-
'pis = diy +dis58in b3 (12)
- _hll_h12_h13_2h’14 -

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, q,
and the velocity of the end-point v; i.e., v =J(q)q.
For example, in the case of Grippers 14 and 15, joint
variable ¢ would be q = [dy; di; 613 dys]”, and
the wvelocity of each gripper would be v=
[Vx Vy @z]T, where v, and vyare the components
of the gripper velocity in the direction of x; and y;
axes, respectively, and w, represents the components
of the gripper rotational velocity in the direction of z;
axis. The Jacobi matrix of Gripper 14, J,, is obtained
by calculating the partial differentiation of 'p,;, and
the corresponding rotating vectors.

0 1 d;ssinf;3 —cosb;
Jia=|1 0 —discosf,;; —sinf; (13)
0 0 1 0

Similarly, the Jacobi matrix of Gripper 15, J;s, is
obtained as follows.
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1 0 dyscosfy3 sinf;; (14)

0 1 _d15 Sln 913 CoSs 913
Jis = [ l
0 0 1 0

The Jacobi matrix of Link 13, J;3, is much simpler.

010 0
]13=[1 0 0 ol (15)
001 0

3.3 Inverse kinematics

Once the gripper positions are given, the joint
parameters can be obtained through inverse kinematics.
Suppose that p, = [¥14 Y14 Z1a]” and 'pys =
[*15 Y15 Z15]7. The following formulas can be
derived from Eqs. (11)-(12):

dys = \/(Xls-x14)22+(yls-J’14)2 (16)

6,5 = tan~ 128214 (17)
X15—X14

dlz = lll + x15 - d15 CoS 613 (18)

dy; = Y15 + di5sinfys (19

These formulas provide the joint parameters for
Legl. 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.

t=J@'f (20)

Where t is a force/torque vector in the joint space
and f is a force/torque vector in the working space.
Suppose that force/torque vectors at Grippers 14 and 15
are denoted as f;, and f;s, respectively. The
resultant force/torque vectors in the joint space, Tq,
and 75, from f;, and f,5 are respectively obtained
as follows.

0 1 07
1 0 0

T1e = dissinf;; —discosf;; 1 f 2D
| —cos 0,3 —sinf;3 0]
0 1 07
1 0 0

T1s = [_d,.sinf;5 dyccosfhy; 1 fis (22)
cos 6,5 sin 6,5 0]

The statics formulas, other than Legl, 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 [¥14 Y14]" and [¥15 Y15]T using Egs.(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, d;5 is a
constant and d,5 = 0. 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 Linkl13 instead of the
grippers for Legl. Multiplying J;; by the velocity

vector [dy; dy, 633 0], we get

01 0 O{Z“]l dia
[1 0 0 oll_ﬂl: diq| - (23)
0 0 1 Ol9(1)3J 6,5

This equation shows that, for Legl, v at the origin
of %5 is decided by dy; , di, , and 63
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 3 X 3 block matrix consisting of the
first 3 columns of J;3; 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 x;y; plane in X;. The normal vector of the
X1y, plane can be denoted as m=[0 0 1]7.
Suppose that there are two different pairs of values for
the joint parameter (d;;,d;,) , (di1,di,) and
(di1,d5,), and the corresponding position vectors

p,; and 'p,; using Eq. (8), respectively. Then, the

following equation is satisfied.
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nT(1P13_ 11713)
dy; —d;
=0 0 (g, -d,[=0. ()
0 24

Therefore, it is proved that the space formed by 'p;3
is parallel to the x;y; plane. In the same way, the
space formed by 'pjsor 'p,s is parallel to the x;y,
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
x;y;plane, it is understood that there is no vertical
motion.

Finally we deduce one characteristic property about
the statics. Assuming that f;, is equal to f;s and
adding 7,5 to T4, we get

T14+T15 _
2

fia=J13"f1a - (25)

o O - o
SO O
O = OO

If the external forces/torques f;, and f;5 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 ;5 from Tq,, we get

T14—T15
2
0 0 0
0 0 0
dissinf;; —discosf;; 0 fia ()
—cos 0,3 —sin ;5 0 26

If the external forces/torques f,, and f5 are
exerted on a pair of the graspers in anti-phase, the
resultant forces of Linklland 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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Vibration Suppression of a Journal Bearing Using Temperature
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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') 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 wviscosity 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®.

Meanwhile, the viscosity of magnetorheological (MR)
and electrorheological (ER) fluids can be changed by
controlling magnetic and electric fields®. 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®. 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 x 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 um 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 mm?s at 40 °C and 3.65
mm?/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 s7!.

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 ()
from 21.7 to 35 s~!. 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™!, 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 TI). The experimental
conditions were specified as the load # =20 N and the
speed N = 30 s™!. 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).

Screw Test bearing
Load cell bk, Ball bearing
Displacement i
Sensor Coupling
Ball bearing =5 = : Motor
Shaft

Peltier device

Base /‘é %

Fig. 1 Test rig of the hydrodynamic journal bearing

Oil supply port W
T1 T5

24

T2 T4

Peltier device 3

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, ie, 15 s! (Fig. 5a), which
corresponded to the half rotational speed of the journal
(N = 30 s!). After switch-on, subsequently, the peak
virtually vanished (Fig. 5b). One can thus observe that
the vibration was suppressed by temperature control.

L
=
S

N
un

N
=

'S
o

Temperature T’

£
(=]
L
L

60 120 180 240 300
Angle ¢ Deg

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

0.12

(a: before temperature controlling)

0.12

[=]
Time T sec

(b: after temperature controlling)

Fig. 4 Comparison of vibration waves (N=30s"'; 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!; 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.

0 10 20 30 40 50

(b: after temperature controlling)

Fig. 5 FFT analysis of amplitude of test bearing (N = 30
s™!, W=20 N, Peltier device off (1Y) and on (5Y))



Toshiharu KAZAMA, Naoki TANIMURA, Yukihito NARITA and Naohiko HANAJIMA

03

025 |

0z |

0.15 |
5> 01
0.05

mm

o w) — h'! ~ L’! L] -’E -+
< — ~ m
Time T sec

(a: before temperature controlling)

03

0z |

mm

0.05

o w — w IS uw o0 n =
o — ~ L]
Tirme T SEC

(b: after temperature controlling)

Fig. 6 Comparison of vibration waves (N =25s!; W =
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APPENDIX
Nomenclature
N : rotational speed
t : temperature
w : bearing load
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A Framework of Accuracy Assured Machining
for Smart Manufacturing
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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(V.
In such an emergent manufacturing system, agile and
smart adaptation to changeable demands must be
accomplished @. 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 ®®.  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.

*1 College of design and manufacturing technology

*2 Division of Engineering

*3 Division of Production Systems Engineering

*4 Department of Mechanical, Aerospace and Materials
Engineering

® 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 ® 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 ©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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Predicted phenomena Physics consuouspperatlon planning
- NC-code generation
by model-based CAM
- Machining scenario generation
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Virtual Re-machining || - Operation planning for

Re-machining (if necessary)

Fig.1 Framework of accuracy assured machining

locally measured values (temperatures and strains) and
the process simulation technique ©. 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

.2000
0000

8000

6000

4000

2000 |
g il

Numbers of measurement value

10.061 =

I G
L7 O < RO B O T < B B o O 5 O O < § muwmn~O A mn
MMM TS TS WNWNWLLNWGN L O W W~ N~
9099909090309 0009090590590809
OO0 O0CO0OO0O00000O0O0 OO0 OO0 00000
L I B T B I I I I B L = I I B |

Measurementvalue (mm)

Fig.2 Measured data for 10mm gauge block
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Fig.3 Experimental setup
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Fig.4 Measured error at different conditions

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 ®©®), 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
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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

Real State (RS)

physical

physical
law law
comparison }—b [Sﬁﬁg

Simulated State (SS) 4 T
A4
model model
parameters parameters
state state
transition transition
rocedure procedure
SS i1 -2 SS|

time

Fig.6 Adaptive estimation procedure

State Estimator
Workpiece shape definition
& mesh generation

* Data acquisition
Request

Data acquisition trigger ‘

Quasi-Newton method¢

Candidate generation of
» thermal model parameters
(heat flux, heat trans. coef.)

3D Heat tranéfer analysis
by FEM

Comparison of
emperature

’ Temperature distribution ‘

t = t+At
Finish of machining?
No

es Actual Machining
K j Process

Measured
Temperature

| Data Collector )

Thermocouple

Workpiece

Fig.7 Configuration of thermal state estimation
system ©)

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 ©).
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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.

O /

D16 endmill
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LX (a) Tool path of experiment
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Fig.8 Experimental setup and tool path
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Fig.9 Temperature distribution of workpiece

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
Imm 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 (Chl, Ch3, Cho), 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 ©. 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.
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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™!
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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

1 [ZCHIZ

AROBEL, BB OMRERED )
SEEEME LIS RE oMo Tz, T4
STWA/HEWEZ RS |, HEDRW/EWZ
EWTRN] D3 OO RN LS L, 2D
BONIFRERRTDZEICHD, TORE, S
o5 RS R M AT 1 B IR IR (B
EHEET) CTHEINFER L O E2RA D,

2000 4E D 14 4EICH o T IBHREIER TR HMIGH
BE2iTo CaBig Az VTR, BH - F
A FEH - HEAAQ001) R OMEAN(2012) TRE L < il
LTS, ZO/, REICEDSZEICHL TS
FITh IR ECRENIN S - 7208, 2011 4F
CERK 23 )k 0 TIHIBEFEIC B T D EHATRE -
WERMCBE T DRERETAAE) OB TR R B

*1 B TERT O &R

SO EZ Tt Z oI LT, Fizin
AFFEREZA D T T, AL, W7 £ BIRBIG O A
vk, fflE, AN TSR L2 RIcE N A2 S Tz
HEICETTL LN TE T, TORE, B0k
F-RBE DD EEHINC DWW THEBE L 7= 3 4 O
W L SV, Bx OBETROGESE & Z 2B
HWUEMEED Z LN TE L, TO—E5I%, A
(2014), B H(2014), A (2014)F L OHEA(2015) &
LTATIEn T3,
ZOFEDOFE T, A HBMLEOH 2o 5
REENENTHDIEREMD Z L Lo lz, HIFE
[ZOWTIE, FATHFZE CE IS & T b
H OO TIE2 <, ANV AN LOFENT-BITE,
ZZTHWOLNZEREIX, 6, Y255 HA R
NEDFEEOFIZOHEE I TWVDIZT E R0,
BB OW TR, XS 2 & T 80 O A ¢
fHEICAN SN TWAEIT T, FELWVERIC S
DT EIT IR, ZHUE A I AT R X T
o T Y a SR b Ui IR Eh O ERE &
NWITERDOZ ETHAH, LLens, kO
T, Z a3 tom TR L L CHIERAIC
WHEINTWD Z L, Fio, ZIUTEE L 7-ifis,
MWH | SRS OATDEIMIZ WFEIHH Lz,
Holb, TBEFD 9 4 - JEENS T HERE PN K EE SEREEE



s Bz

WCRL ST TR SERE B 1R, MEAEIRZED
L D D 2 D TBEHER ] 1989: 664),
BBl SN T bDN, ZRETEET
boloMEOREREND LIRS, RERICH
LHENTARY b4 FEBRODRBICE ST
BB D,

A1 kB ik, EEERBEETIRETENLDTT
A<, PR (RARIET, b EHT, JTEET
CERET, \ERTREG, W72 720, BEETEE) eI

BOTHIEEIND, TNRGIE, FERIZOVTD,

EACHESNFET DT TH D, WHETD
HIE T B2 i B ERE S A LI O R B
BT HRFICHIEREVEENZ NN LR > TKRD
DTIEZ2WINEDRELZI T, Bz /i
ZBRIAT D Z LI LTz, W, 2014 FF(CFERK 26 )
0 TN LRI T a7

T ER T S RERE O LA | (FHEIT IR i B &

FEARRFSE(C). ARREZR 5 26370523) SELR & h, 3 4F
Mo7eyes NaEliTE DERENESZDT
b5,

TEH A RET DY = RITSL > T=DIE,
2013 FFECFRL 25 AR SN L7z T > B v =i
LB SREE ) (B T RP TR 25 F5E
TN—T IS X DB Th o7, Z O
AT Cld, B2l 2 )0 2, BBk, FERRT,
AT, YA, ARTET, /IMETT O & &2 O SERE E
B M O £l - AR 25, 2 - BIEEDZED
FRELEZNIHE LGB ZINETHZ 2D
L L7z, 2 OFRESRIT T, TR0 2308 =50 &+
A AESZBOBEFIMET L2, BAETHE
WA ENRATHDH 2L, SEHICBWVWTLY
SORFENNVDZ EEHRETDHIENTE T,
Z 2T A ROFEO AT 220T L ED, FHEW
NFEHERDDHZ L E LT,

B7-72BT12 2005 4£ 9 H 1 B, AL LmEr, s
BT, KATO 3 BT 23 &0 L Tzl c& 7207 ¢, 4k
HhE A< EENCBRT 5, AT, e,
ek LX, HEHIX, KX & 72 0 | H iz e liT &G0

e . . A M
AW - P T 3
[ {i ™ mum e . 1 - _w
7 R 0 4 0 A R
: [ rmm P I z @
~ # Brmm Y

L Fa h
=900 . \, 2
\ / el bl -

\‘, o : (L b b m P"-

ET
e N

_ pL T
T ~

i J s
Y .
_i’m;lnnm;um-_" Bl = om
[=E= 1 2 i Y - JFRR
" Ly @D

SRR, RSN w 1 il HTIE T A
\ ; N

72 M ([ E R 7o 22T 2007) K 0)

JeRg L X BRI, AT X & KRR IX I
TW5, [HeiEE 7= 72083 E 2007) TEEHR
2k B L. g 638.64km?. A 10,728 A, FEE
PEEIT BE SEX REFETHDH, ZBEDORD,
W7 22 BT O HUER) 7o A A RRS BT B,

2014 4 9 H WA 7= 72 BT pE 3R LR R 1
FEORENEEAE L= & 2 A, KIERBUZ DR E
Zim L C, BELR L KICEE LTV 5 eiffifio
FERRENUTIHEW-, £2TC, 2O EREWHE
LT 2 HOPFENRDOEFETEMESNTZDOTH
%o

A. 1 R
OFEHiH : 201449 H4 H (k)
OFEEHHT « W= 7ol bk (L XF Ak 76 FH 2 K
%
O /17 - HHSREK (1925 F42F 1 ; 89 7% ;
JCIfAHT)
OWFEH AT, BHR. BAHE G4 Lb
EHW LERTFHE)
OFEEE Ml ik, AT, £fE, & -9
S HIRBL L BIR DB

B. &5 2 [AIFAEE
OZEfE A : 201542 H 26 H (K)
OFEEHHHT « Wiz 7ol ALk (L XCF Rk 76 2 K
e
OFREW & - WK (1925 F4F 1 ; 89 7% ;
Jeifafl)
OWMEH AT, BHR. BAHE G4 LY
EHW LERTFHEB)
OFRERE « fal, ik, fhnr, A, R
HITHR Y ORER

FAAIE. 2013 4E 8 A 28 H (k) K129 H (k).
201442 A 22 A (&) RO23 H (H) IZFEHES
AT IHBEIER CO A - mik THONIRE
BESEI L TER S NERERICE ST T
N7, 727 L BEEREIZHONT D0 & SEEMT1Z
MEWDDTIER<, BENLBRECELI T2
AT, R b L X O E DT IZ DWW T E AR
RO AE HHICE-THL L I ETED LN
7o TOEEDOFTN O T, FRAEF ITME & L
FRRCHEBEEMEZ LT, REm IE»E 2 %5
T LB, 20X ICHEER HEOM
ICHHBABEZEZNRZZ LT, YWTEL TV A
o T-FEREE R, B 2 0E, AR EEREI T EO4 T
EFIUTHBE LR 2 #7135 Z L TE 12,

Ho2EFAE IR, AED2 H25 0 (OK) 287
7RBT R AR XAZ & D KA LR IZ W) T rtry 72 ifa
BoORRE RFLIZOREN, 20, FEEOAR
R (30 1) 205, REHIK DI ONT
FEMR R A TEW -, Z 2 TEONZAR S . A
DOHIEVIAENTWVWD,

B, IHBIEEMICB T 2HEMRELELE L
LD L OIE, AR OFEAR015) E LT3
HLTWDHOT, ZHRLTH BN,

AFaOBWIE, B0 ToO 2 BOFHETED
NIEEON, A - X 2 |CBEL-3EE, AE -



U I 2 5 P R 7o Ao T DY T S RE S

Wayk7e CICBE L7 REE, REOAFRICEE L7
FEE, IR TR IC R LR AR
I HES MES T, TS TWA/RIVWZZ &2
HDH]. MEDRWREIWTZZ 3720 D 380D
DL BT, B, HIE RERELRT 5
ZllZh D, ORI, IBRIEIER THB L 72 iR
Lk LT, iR & AE S NS F O FEE S
2R ZHLMNIT D,

2 EITIIA L L X B EEEREE . 3 HiTiX
M - IEBEERERE A . B 4 i CIX AR R
% %5 {iCIHME e T R REE AR O, 6

IS a T, AROBE T%%#&@ot%%%
Mizf FEEREOEETNDER ZH 5 M
T 5 57 Béﬁfﬂ@@¥%@ﬁ5%%@%
1% & Hei 7 S HIRLEIC AL » 724 1% O R4 o AT e
LAY AN

2 AH - FaBEOS SRR

21 A WEEEE
A -k INTICHOWT 16 FBHEOFEN T
7~

(1) THA T :S-@/T; A 7+ LOEE
H D,
#HS:FILbDET AN EFSWEDIC LT 2,
# [BRHET S ] (1984: 401) : LA W FHL &

THERICA B2 ETHFSETINLT 5 2
ETR K VIBRBA W BZFIML L2729, F
WCHERDOGEFEA DI LY Lz, %A
N EBEZR BT, (FREITERIC
£2)

Q) Ahduha—:SoT; A H3aidTTilE
L5k,

#S: o (g (XIS & DM D RERHZ LTz,
#T : ZOMEF v v I—MOBREHZ LT,
B) A/ SIT; AIVAA T DINTIA
#S: T LicA B & A(OIEIHIEE, O LA
J1% 10 Ko e THITF LT,
HT: A DI IZHW WA TIRT . A D%
77 R Dhk) TEATHIZ L,
4) TN AH:S-O/T; AV A A TTTHDITKK
NELS THFTOICHE-N»NY, $TH L
D IRA T
#T . FA D PWITH =N RS 726 O T, A
BELD, THATELE S, (HEH)
(5) AT =F :S/TNA; h L E= DB DA 718
R EE
#S . RN CII AR ERET D,
(6) =74 b SIT-NA A W &2HFEDHHDIE
B, 1—nA FDZ &,
#S 1 T Y RMTAR T EHWTZEIZA i
THNT=,
HAHE(1980: 72) : A —78A MZESRO R Y % 0>
Tz, B A DT OIEE., FEHT 5

IRz HT=o 7=

HOEBIZE-T, Fy 7202057 +¢
?"I//}:T:>7J~/\/]’ Mz Thoiz,

(7) A <X : S/T-NA ; H B,

#S : D 55 Y IEIL < AThivTnie A 890
Wk, Epi TR A~ ERET 5D,

(8) =\ : S/T: Wiz L& X D1, I A
noHfEROr—7—0Z L, [BRERER
THZOERTHEM, 2720, =270
T, FRUCET L O, FERa g i
Zuct INTHRA D,

TR I T e 2T CRER R URT
4’7’7%%0710J (EHEKELY)
A EI0 OWEEFET DD,

9) PR :SIT; A 810 HET, A B &G0
LD —F, RFFEORIZER Z T, $#%—
KEfFTT D, WHHIZANTIY Y7 U &Y
KT Z Ll LoT, KEB M ARDEST
WAHEIICRZDZ EmbADIT LT,
(F&A 2015: 89)

HS 2R NV ARDNE 3R N RICBIT L, K
MW TeA D EHH O LTV 5D,

(10) FF% : S/IT; AV AL TA B &2 T9 7Dk
T Z &,

(11) FXH 4 - SIT ; ZN AL TA H %+ 4 w15
Loz L,

#S: TV (ORI S ROEA 9 KA TA I %
T L7

#T : It < ORI Z T - T, £ D LITERE
L7z,

#A1E(1983: 244), FH[H(2003:92) : R E =
VINTHRE OGO = &

(12) 2 Va3 :S/T; iz fio TR NTEH, lAD
AR TR D AT A Y AT,

#S BT IZIE DL DI,
# b LT HH-E D 5] (2004: 324) :

BT 14~18 A3V ATe, BlH &% *A-
NG OEIE T, BWDEA T TR Lto
#75 [(2003: 98) : H AUFM DA I 1T 5T
N, /MR THHVWL NS, AFFETIET A

J U EMFRL TV

(13) NEH & : SSNU/T @ AL AN LEHCANEIZA
M ENNCERTHFTZ &,

#S: THHK OB OMRNMEH Lic, A % 2
BT oo 5 RFEROMAH T T, <80
R A2 LN TE DO TEIED LRk
L% < ST 3,

# [ & &S OFLER~ S 7 TR A X ~ ]
(2002: 8) :

N 2L AN TR WS B, KO Z ST
TCHERSTZHD, ZIUTA T ETT,

(14) ™R :S/T; A FHD OEE, il 2 K75,
it 4 Ko fFTnD, ZhEHnTA
% 2 BT OBT D, A HERIT < 1T
WTWDIRFITH T 5, (A 2012:9)

#S : BT 15, 16 I Liz, A & H
<$ BiFBZ ENTEI,

(15) RHXA A : S-0/T ; AV AT H5E,

I ZRNT WD BEDA A,



s Bz

(16) ¥R : S/T-NA; itk CHRATO & D 53 DT %
%Fﬂ? 1m lEjiODIEjiﬂ:/o
#S: ZZTA D EH- T,

22 X ofREE
M E ik ARICE L CI7TBEOREZ L,
(7)) AVY :S-0/T; ¥ a%EHiEE, sHé4ilS
THHRIZ U, SEIZER A2, ) B2 53
F(ERZ B ENASRT)~EELZHL, #
NN D ERENLATZY, RNIEE
S0 5,
#T : RN AR R E= L0, 77
AT 4 v 7R EEFIHL OB ICRE

+5,
# [ SLBRRATIL) (1982: 12) @ FEEESC T
T TR 5,
(18) A HVeFx S-@/T; ¥ 2D FiziTH 2k
v A,
#AE(1983:40) 5 H XA Y Y e X2 M7
<HE>

(19) A w781, =,NA :S)T A %=z 5 HAL,
~T LB E 9, (ftE 1980:61)

#S: XDz,
T: A HRF %z DAL,

(20) ¥ S-9/T-0 ; ¥ 2 DEAL, (Ff 2003:
108)

# [ dbo s bl (2003) 21354
(LB Z DAL R Y 7= B 720,

(21) ¥ N~ RY ST X azELE R, (6
fH 1983:161)

#S: 1970 FERETINEHNT, FHAHT F
TH azZeni=,

# Mo mrs ] (1981:421D)i2 L % &, i<
O ABTIThh T\ ik, i@
W, UNY LIRS, TN TR
B, FRIEEROBIET DT TO X
IOREIHE L TV D,

#T : TEDN A S 72 ORI TE D T2
FNEB| ST THLDIE A,

#75(2003: 58) Tlix, 2 THWRHEFIZ
WATMESE EF5EEE LTHRML
T\,

(22) Y—=HF 2 :S/T; I XZX aDREOWEO4, [H
b &= 5H] (2003: 342) DI XX 2D
54 (b)) v A& a () o B L5z
biLd,

#S RN R E | RIERNZ W, R F 5
Uy,

(23) Zana :S-@/T ; # 20 D5,

# [+ SRR (1982: 11) : FEIXFEMN T 2
~3 AT T LT, BIETIX 15
~20 HL CHl X LT 5,

(24) Zak = S/ITNA ; X a0 (o,

#S : BUE, B 7220 TiTbh TV B ifaik,

(25) Za X : S/IT-NA ; ¥ 2% b E-8ED H
LCHELIE,

#S o o RET O dbkg L X CTIEEH Sz

WA, KEEHIX THOW G TV D,
(26) k&2 :S-¢/T: Y& aFus)o &,

#S W RETIIZAR LTV RWVWED D &
Thd,

# 3 dbo 77250 (2003:348) : JLifE
BEOMG4 T, FvFa, axa foF
altbEo,

(27) N™NxTF YU : S-NU/T ; ¥ a7V VIiFz ik,

NorFvldsH, (ML ELI(1982:

11))

#S: O THEMA LI L7208, B2
DWFETIE ) L WMo T-D T, BTE
IR S hTun i,

(28) Ny & F U : S-NU/T : ¥ i), ~=

FULRET, (MRS gREHI (1982: 11))

#S N F UL HE D,

#T: N F UL EF 9, L. F UL
BRI S, X a3l LARICAT
DTV & 550 & FIRFZ Tt T
T HMBH D,

(29) B hAUF, 7HZHF :S/T-NA; ¥ 2 DK% X

SLTOEZH,

#S: B 2 KTk FAX, BHE—DOTk P I,
X a—[LAfRT5 B,

(30) v &2 :S/T; I RXFavllf, kD~ F a0

Z L TiEAR W,
#S 1V —F I (HETE AR/ SV, Bl
TIEND,

(Bl) IXFa:S/T: 4 ThDHH, ILRHETITY
—Fal<wHaDphbsThih, X Falk
WOMG A b DD, ([F Do Ihielieb]
2003: 342)

(32) Ay :S/T; ¥ A DADERS DWFFR, — F.,
FHOXEHIICRZ2DOT Ry YME)EVD,
IXFaORy 2 IIAEETIIREATH D,

(33) RV T : ST ; #ana(HRIELEMN), #ah
(e OWE R, oM, fEeiE x
MIECTHLHWD, RUTFvr b s N(EHEM
2003: 116), 7720 & [HBEHEA TIXE S
AT ERET D,

23 ADROZ aEEERIZOWVTORTHA

YL b, TR E D SR OEILTZ 33 REFIC D
wf@%ﬁ%ﬁ%#%%r%ﬁ%&%ﬁf%%h

T RBEEIE WA O TSRO BEFIH A2 S LoD
‘I‘/\’Cb\%f_b\

AN A A DINTOFEFEL, IFBIEEAICB TS
2013 4 9 A & 2014 4 2 A0 2 BIOB &Y Fi
T 12 RBENRESN, HEHESND L)oo T,
%%miﬁfi/4ﬁ%0@&_owfi %< D
FEENFEIT O TWA (T2 & 2R, A4H(1980), [
ERER S ] (1989), [HrBIE @&%&@ﬁ@ﬁﬁ
~R TR ~ ] (2002), #EAQ012)% S, )
A T, BRI TIIEA TH DN, A D
TR ODIEE L TV Do IR, I TIEEO T
BIEETHHo T,

—J7, W2 &L B & iR ClE= M Tic
M2 ERNEBRAESNS L, £/, #ixoffLaFIC



U I B VG R 7o AR BT D 3E 5 S Rl

b2 OMTEEORIRNH D05, ZiXix s n»
TowraTh s, [MEMETEL] (1991: 52000552 &
AT, =02 ITIATE 25~30 4EEE
Thol, D%, BTOREIIH T2 DD, R
Ml Z o TRVIRIEN B Z, 89 mRIC7R DA
FIE OEETIX, BB 25~30 4, e rmic
BEICHMNT IS, =308 % AR
DHHZEHThD, TR EHIETIE= o
N otz 0IT, A DN, RIEEBESE
RN LREAATOIND K912 o T,

A B BEEFEREIL. (6) T — A b (8)T .
O bR, (12)7 U 3, (IHWNFKR =, (16)F A D 655
BN MY | L ME- Tz BB &2/
WXL, IHBEIER CTHE - 72 7 SO TR E#EE
HON, 5] LOEERHST=DX, Q)AL /
. (10yF¥., A)FYHT D3 B2 HKZDHDORT
HDHHT, T LToA D OIRIEEFRT (WT HA H .
DI XA H (1B H XA H D 3 FEHEL b
WREIWEZ ENZpn] Loz &Thb, 272 L.,
(DHSICRE L7 L 91T, IRIBYEHER L 7ol & T
X, B GEEEAFEHA LTS,

QA F I a B a—N TN SV T, IFBERER
TIEHIRE TN L TMA B> TW 2D IZig
BRI BTN LAY T, FOEEDRT
MMOIEEHZ L T2 X 9 Th 5,

A Bl OFEFEER D DIRILIZ Y, FEA(2015: 94)1%,

IFHBIE AR TR S A7z A BN LRdERER & LT,

HFHRA, VR ANARFY FIEERE LT
WA, LENS ., HESoOFNEREHRLY A D
RO TICE L OB sBEs R STy
HEEZBND,

2 o BRI, Ak - EICBI LT B L
Pa & OIS, B TERVEVWDRBIZETX S,
ANDAF I, A)AF VYV edx (19F a,Na, 27)»
TF U 2NNy T UIRIBBREER TR S
IE0 s, TH8HSREERFI) (1982) THELL EK
ENTWD, )i, Q4)F ak I, 25)% ab XL,
W7ol The b — ki 72iflk - BB Th 5, Q7S
TEK LI, A" F TR DRET, Y
HEIR CIIAR A E A TH Y . BB LA
RLOTCLELRELEDZ LT, Mo TUIWDNED
AT A SR QLAY W= il = O ic) = =1 (AP B i 73 i
WTH, BHOZWKEMX TORER SN 525)
FaAAXOELILOEH D, TIUE, BEARQR013)
Tk~ 7= TERRSE) ) S T SRE LA BIET 5 i
RRBIE S 2571259 4

Q9 "I F, ZHHFIXUNA w31, =A
LiES T, ¥ a—LOEHMDORXS O L5z T
O F N L-ERTHD, ITHICH I
FTORETHLHESDLRDSTZHDROT, &5
RAEMENLETH D,

Z aDFRE, ST i M X o
THERRLSTWVDHOT, HEEET D, KR, AN
EHTEN S~ a L EREEHET T a L
PR b D & T, firgicTnnd s, it
DO~A 3, bETITAER L TWRnw ) FEA
HFEICAS>TWVWRVDOETNRE L, BETEND
MED I XF 22 DA/ EFLTND DL, % L

DOENEE W) HBIER H LM TH A D h, 4
DY F XX azigd26) Fu ¥ 2T IHBEERNT
W XA S, BB CIRA STV, i
o5 LI, YR, BEOGEICEET 5,

QDY ANY ~TRNY (X, Rl TIIF 2D
W H AR L, AHE(1983: 161D & —Ed 573,
AR AR TR T BN E -T2 B b, hE
WL HEWZ &, TR R AL ALE S D A RF i,
JE O FEH A ) O (2003 58) Dt & AL
TW5D, fBE LR OE W OZ O MRSy
ZHOWTIEL, A% ZEHTREFETH A 9,

3 RE Rk RUNTEEER

30 MR - Y- ANTRERE

AETIE, H2ETRBRLEAD E X ICElD
LU O B JE R OV I B L 7= 5B %
W,

(34) TYA S-Q/IT; =2 DOREENIEF T < B
FLIERILES 9,

HT : AU RFR v 7 I LW D,

(35) 7YV :S-0/T ; DA TME L 7m=
VISEEL BlicZ vz b,

#T : =3 L UANOAFEIC BT 5,

(36) 7F : S/ITNA ; HDEFEH L Z A,
#i511(2003:3) : 74 - AR OEIET D 2=
MR ORNRSEE, EHE, A5 T
WD D8, BT 72 BT IRRBIEIER TIE v,

(37) 7 IAay :SIT; =V U NEMLIZE &0,
EDY DL ERE MEEOSHTEZ Ui
% TR T Z &,

#T : RT L TEL, =V UAOBETH
W5,

(38) 7 IAA R : ST ; 7 IAavo&EhEk,
#S: W7 T L (AR EED TEEBIT D,

ORI, NFA FIHEHR -T2,

(39) 7UEHa—: S/T-NA; 7V I,

#S: B TEIE, LTI AN THIESE
HITRRZED,

# [AcaiLmT s ] (1981:405-406) : 77 E AL
Wi, b EWKRBICEDMTIEDZ T
UEEHETUB)YDIENZ, YyeRvyTULE
(BT L 7 vRy 7 U EERTMO — >
DENEN D > Tz, RIGEHEY & T,
HE A~ ST,

(40) 7> H SIT; $5DZ &, IaZAT 5 BRI IR
SNRNE DT DTZDITHW D,

#S: T R=YN ) T Uk RRERYEE S8
DEEFTENTT IORDYITHN
776

(41) £ U F : S/ITNA ; AEOWED = &,
#INN977: 1AW L 5 & EDREEA KT

FEEICIXIEDNT . RFANWE). R(R), 2
Vv BKEOZ L, YVAIVY L HREN
OMZHBNDOEESDE, brEYY L2
AHEZAEBMEICEHAZ T LTS VY
R TALT S ifFmN»SD LEEH LT



s Bz

HLINEIRE, AT AR ER->THHEND
< BWDE, < B 2~3 KU EDIEED
END D,

# [P RIS &) (1987:970) 21, # A4
Z(ER) 7 344(1.5m X 7)H 5 8 (1.5m X
N HLWDFTIZH LG, OEKRH 5,

42) £ K2 : S/ITNA ; kK, BEADEFESTND
LA,

#S 1 KON ND,

@3) AaFIN:ST: AERD, =2 A 7
NIWEICIEL AR DT, OB TEEN D
"o,

#S AN ER L CRD & BORNRED
b MO HENLE EFEOMIZER L,
RS ORTOMEE R b, 23, Fvr
R EITHWS,

HAIE(1983:46): (= v Nk D 2 AT B L

W23 LA INDIZERTE ] <5
>
(44) & ¥®Y ga— : S/T-NA : $I7-Hif,
#S : JIBFARICILAZ 1T . BT A &S T,
#A4E(1983: 49) : U H BT R WH ST A
M2 5 ks, MEBENRNEO Y~
N H4,
(45) YRV « FYRFY MA  SSNU/T-0 ; &D
MM, kO=v aE BT L,
#S : B3FN 25~30 4R, /MESCH BT ICHBEE
AT 7208, HARNE 50 HREE ., A%l
T lid ot
(46) X7 5 :S/T MG THIC Ao 7oz kA I
. BEIEA T, BT E XA 2IT)
WZAIND —HEDIEE,
#S: IOV DEEET L, ansdx
e =T
#T : 7Y T IR EFEHT 5,
(47) 77 X :S/T-0; A, = MO —FfL
(48) H 7 F—:S/T; All, fMEZKLBFHND
EH 8,
#S Ry 7 CTHRMERIE T HRRCER L,
#T : A U CRMZBGET 2RRCER L,
(49) A~=H X S)T; Mz iET 572 0ICKEI
fAEANTELZ L, BFE, = roaM Uy
R Ay
HS: A2 EXLHEET D, [=v i
WTCIE, HBEXOBRIC, BTl
DERZTND, ERBI T, Ay e
at I w1 (FEHEKE)
#T : BIEIEAFEICH Y, FHH LRV,
FARMEEO X 5, JmEE L TRAL
oo By kb idd L,
(50) < F :S/T-NA; &% O TkE=EE,
#S: AEFEA, #iLEETIEST2, 20O R
EhORD, D NHDORRWIGETICER
BL7-, 22 Catabizuni 9,
(51) ¥ # : S/T-NA ; fEEIBHEDOZ &,
#A1E(1983: 100) DRI TIX, HRKZEMNT
el 5 B, W& OB &S A, 528
LR b HKREBE S5,

(52) 22F =Y 3 —:S/T-NA; /IN&+(Z 9 72 D)ifa,
FFF 2D 5cm < HWVOShfa HE DFEEHT
2%,

#S X 6 A E T, AL 15 A, DD
TR T, mOEFEIZEST,

(53) 7V :S/T-0; KEETHERY T HME/MRIC

HOLI b DEMT T, Lo »ThREE

% Jiiko
#S: V¥ 7 VL ED, BT ARK Y TS
ik,

HT oI IFrasfharkld ) (PR
B EE D,
(54) o HA S/IT-NA; Z V=B PEERYD = L,
AN 2 SBRICHE R L 7=,
#S: = UG TR R BMET D BRICER L=,
v EF Y A EHENGT T, WL
VEIER R 725 10,
(55) ¥ —1 : S/T-NA ; e T X HH 5K,
(56) T T I Y ST, v A LT, —ARH

DDz L,
#S: v AT TIEHRLS, ETARKRY I T
DIfETEI -T2,

HT . A aok, =Fh A, FrZunRY |
oY (EENEFEHT 5,

(57) X< :SITNA K v 77 EORNELE - CTE
% o

(58) 7<=V a— : S/T-NA ; 7~ ajf,

HS: N VX 7 THEDR, i~ aldk
BCu T, £ TV A I TS,

(59) Ny V¥ 7 SITNA: KA TR ~anls
M LHEE, HRROMNTHIED BF~ a2z O
SN THED,

HS: 2w A EbF O, TYAXTUHELT
STHEY, —HEIZANT, AThrbTL
776

HOLE(983: 314) 1 = W WEIE D HEE 2 %
L5, SRROREFRE L TWT, MK

EPWTIHTORZHED,
(60) 7FA V= : S/T-NA ; fit AfH, Al T4
i& < Jagk D & 5 ME = i,

(61) R F : SIT-NA ; fHirD Z &,
#AHE(1983: 300)121, THE7, &A%
DOMWSEY D) EOFANRH 57217 T, &
T2 7e M CEER S N7z ERE O E R O REHNIE
AN
(62) A7 F% : S/T-NA; 7T UL, T
AT 2 N TR &2 L7227y 522 <
#S  EST-T U EILE v = 3 51 4% 30kg F
N AV TEATL,

3.2 FE A - ANNTREEGERIC OV TORTA
429 FBEON, SEIOFHE T TERE SN,
[FAEETEAT O CTIIREE STV WEERN 16
FE(55%) 0T, ZOHT, BT TEY ga—. (52)
ardYa— 58)FvalUa—, GHONv ¥ T,
(62)A 7 TV 1T, IEMIC L > THIESNDERE
Thbd, KEEMTYH, 728 21, TR T
ENDERLWEA N RAZ—] (BERHEDOEHESLY



U I B VG R 7o AR BT D 3E 5 S Rl

HEE )T U B L T~ a i T 5 2,
FE R R A TR, aF T TREI N
WEkoThD,
@hHvEEY a—Ne T A EOMEL LTS
STV D O, EBEZEV, Z Ofikix, KRN
<. WFEICENER L TV DT CORBED -
BRI, B ERBIRETOR Yy A v~
RN HEATH D, ZOMRIENE T ATV,
EZTIrTbu T\, thoilli cbiThin T

WLDOMIONWTIE A RMRET DLERDHAS D T,

(B6)TF. (4)A Fa SNF<D L ) IThaEEOF
xR THRBG, DAV T T, (6007 FAV~D
KO ICHIBMZBEfR T 2585, SHFTVF. 55)¥
—r, (61)ARy Fie LB AR LR
HAEOPFHETHE L LI bDRDO T, HEHOM
BB TR LT Ui 5 70,

BHTVA. BHTY ) V= ifal ORGH T
%< OLR T EFHILIZEN > TV D IZH 0
O, BRI OFRER F L EbeW/E
T ENRN) LR LTWD, —, IFgERER O
70 AL - OBIEIATOFRE R DE 1L, A T 0k
IS L2 T S | BIEZ L TWD, =
VIORENTZHEES TN E LN ZEENS. ]
T IO AITEH L TS 72DTHH 95 h,

FBINMTORETH LAY F—, AW ~<F X
~A=EFX (50) < FiX G E L TR -7,
R R SRARITE S T D, BRI U ¥, 1
L= U e W D R T RO FLek & M9
HHDTIED DN, = I KRIEF I, AU 0%
R OEHAEZE LA T LESTZDOTH LN
O, Ay ratrIiciEriEom L L THARER
TRV, aFdkENESHEHRORETH D
DKL, AR TIRREINZ LI, AT
2REIIHEFETICHEFEOLDTH-o T2, Ry ik
L, MR HEE L TV B,

@NHIZTI, STV~ %7 VidKx, W
M CTORMEFSNLHREALBIETH S, (5T) TV
FUIVIE, —RICY 7 T~ ZADRELET( T
BERETER & J (20010 161)), IBABEER TH WD
N, EEERETTIEE T ARy 780 xR MA L
LCWEEENHRIND,

RZIC, HEETREHFHELE LT, @6)FXT 5,
GOH B OFEEN, FeAT RO & 1382 5
Thd, ZHE AEBIEZEOBNENNSEKD
DD D>, FEBIFHAEW IE OLETEE THW b
TWERTERA IR W0 E . S 5ITHHE
LTCW BERD D,

4 FREREERR

41 FREEEGE

W), AREICEET S EERIE. AR EIZ A > TV R
Mo Te, AW I1H OREED T, & D WIXKEIR
THREDFEB L ORFEOT T, ML THENSAD
FEAEEZDLNDMEOL N 20 EIF ERE SN
DT, AKEICRHREET D Z LI Lz, 2 b OEREIX
TRCIHBEEN CRRAEO L DIXNY TH D,

¥, MOCEICEHET 5N TH L EEER S ZE
DI=diZRe LT,

W

(63) 7A2N 1 S/T-NA ; & 7 A DHhfa,
HAIE(1983:19) : TA w /% BT XADHA,

(64) U= :S/TNA; E 7 ADRKEVNH D, Im B |k
2725,

(65) APt : SITNABDOZ VNS 7T b,

#S : KERHLIXIZ & 48 T4 575 B O ARFIER
HIRGBO R) D AEFEFE TH 5, bt Lty
AL DR )&, VEHSRKIE, Bo T
WaHhITnEbEHIEDRNEDZ LT
b 5D,

HIE E R ClIAENT o m, A
b, L L IIA = LS, 2O
IR 2 o BRI T D23, B
to< & EFRECIEE OO 12D 7Y 7
FIZhe Db &2 AMNLMA S, BT D
(ER= RO = R N

# [ ko Ih7e7-5H] (2003:352,519)I12 &
LE, VXA A THY, Yyaxt
EHIES, 2k, dWEETCO Y ¥ T A
FFBIZROND EDZ ETHD 12

(66) 2F = : S/T-NA ; A BT TN ERDE D,
#S : FRA W 1 DY 20 fROEWETN 20 1K),

KHETHAITIN LI TU 2, 1~3 A0
TN 20 BboTe, ZOMEEST
Ry rBEFE ST,

# [ Ao E27e/=H] (2003:516) 0 A BT
IORBOLOEAAFI, FEOLOE
Fa—FITL59,

(67) T H  S/ITNA ; ~ 7 o o/NIDH O,

# [ dboE727=5] (2003: 228, 516) :
a7 a4, BET HICHE> THE
DENEDY | $hfyda a v (KE 20kg F
TONIBITAY, RREVbDOE T
& Kilfaa A4~ LS,

(68) o /X SITNA; MDD Z & /NS T20 |
B DVE 7258 0 W72 & 22 W DFRTR,
HOHE(1983: 147)21E THD < $7) L OFHMN

5D,

(69) Fvabt :S/TNA; Y FX /) ~A1 DT L,
#%r dbo s 7=5](2003: 182)21%, [#

VALV R DD, ] LRI TD
D

(70) Tw 74 :SITNA; £ T ADZ &,

(7)) Fa—AR & : S/STNA ; FHOFE v 7,

(72) FTHIH :SIT-NA; NE(F~T T DD L H
IRHIR WIR D f,

#S : MR T AT, H22 TIIREAR D,

#[8 dbo 727251 (2003: 214, 516)12 &

U, TRWER(D SO ICHKT S, H

DHR HY, UFTH, " TITY

B, RVUIRHELTHD,

(73) FHI :SITNA ;7 U L HE 9, 20em if
DIEWROMHT, 5 AEHY VA IO A -
TL HFHIICAR A D, BRFEFNC LD,
Az L -7 95,



s Bz

#% dbo E037e7-5]1 (2003 : 220,516) TA
NFIAOZ L%, EEVETITESY LI
SLmk s TWD, MBIZIEELMHE] 726
Db ThH D, 8B, FTAHIDOFFO4 TR
Ay A GAVAQTAN

(74) FHF~FHFJA : SITNA; VA DO—FE,
REWHOEDTHDN, BHOLL AR,
#H AL &0 7ei=H] (2003 :188): 7 a

A DT L,

(75) XA S/T-NA ; RERBOKR v 47, Al
WCEAFNTED, FIELRW,

(76) NI F v X TORENEDERT, Kk
HXAEAE D ARE R HUNE L7223, b
L X AEE O BRI DT, b ic
IVRFTLEDEDZETHD,

# % dbo &7e7=5H1 (2003 : 220,516) : =
VRFH - FHOKED b O<EE A >

(77) SNHA S/ITNA ; Ay HDZ &,

(78) NV v 7 SITNA RICIRES DR v 7,

(79) =X A>T : SITNA ; IEBNWTHEE LAY
ozl

(80) = A :S/IT-NA; FY R ANV EFRTIHA L,
7 a YA EETHAND L, HIRkIZ X > T
RTHRAIICENDD D,

81) hF VA :SITNA; NFHITDZ &,

# [ AL Eh 72725 (2003 : 516) :
AR CIX AT LIRS Z 8 b b 5,

(82) B—Y 7R v & :SIT-NA;/NSWEID IR » 77,
#AHE(1983: 352-353) 1 IR (T A T ARHD
IO D, K %EZ SRy vilEF o
—HRmyTrEEI,

4.2 FREEEFERIZOWVWTORTA

FAFERH OFESEIL, S RIORAETOKRE 2 IH#E
D—2DTh o7, PN F =R OVE =5
& 5 BTA O S 72 BT AT 52 0 K PERSER D~ —
DI, = AT AT BETA LA,
a7 TURE, = o, iR L <
i@ T DO B WARIZ OV TS &
ENTVDHLOD, IEEN DR EY o0z
WIFE A EHITTTHE SN TWSAREIZI—EL T
[Zofiof) L LTHbDNLDLTZD, EDOL H0d
BOMBENED X 9 72 E4 THEENLTHD DM
HONDZ ENDhol-, &§ 4l BT oni-
fARIX, e TA, Ry, YA A BFE, vIE
I)=ATFTHAY D, xa, KRy HA R ELFET
5 LIRS, MO ARRASME (2, W)
LEBIHEOMNWELDEERDEA D,

M 1, BT DI/t > TAHDED DA
DZETHHMN, TV, BT, ARXRRENRBUTH
BRTW5, & z1E, 7V IEHREMTORAART
N EWIEIZ, YAy A F &, 9F%, 7V LI
AR EDD, Ty, RIRFHEOE BARTIE, >V
NRANTF Avna, TV ERRDHLENIIRD,
ik =L EANGFETHIOTHD, 7V DL
INCHA TRV, Y575 ClifE s
HEOHFICH, K& SEN LY, AR 071
B> TR 5 FF > b O 4 FEE R Sz,

—2HIX,. Ay T ThDH, Ay ik cIEse
FEIZ N ST, AEEDNTRIENICEE 2 TV D03,
PRAENE 722D, 2O TIERH O LIF 0 #
Z B DIAMIRI FED 720> o 7=, THEMINT 52 0 (1991:
S4DIT LAUE, By ik, aFajldtic, =
VORI S TITTORD L) IZheoTz, REE
Thotz, HIR30FEMRMLLIAEY, 40 F Tt
WTWED, AEWIEDIESIZE D & Bl Tl
WEENZE LI L, L/ hEL ol ),
TR O/NSWIETOLRRIL, IROBED Th D,

1) Ry oL

O 7ARyF~¥Y I KFREHO Sem~
18cm FTOHMA, Hikz L TW\WD, KA
1979: 177, [AbAgLmErsE )] 1981:418)

@ =Y Ry T FELTHDL1ES BWVWET
DO, 20cm Fitk OHIE VAR T, K5 &
THEEND, ((82), AFF 1979: 177, [Hcke Ly sk ]
1981:418)

@ "Ry TF~<FRy &7 10 3~6 A,
WRIZT T b EiBo CRIET 5, R
25cm {itk, 777 NUoEHERTHERC.
FICREBENTEELIDOT. 2 F Ry L bIF
s, —#icix, BEETHREIND DT,
Z DB E L EDILTV D, ((78). (79).
AAF 1979: 178, [ALAgLETSE ] 1981:418)

@ XRyFr~vHrRy 7 SHICES L CEE
L7RWKBDER v 7, AROREI NS Fa
—Ry (TR 7)), TR 7KK v 7).,
IR, VI FAL R ITHEERE v )y~ F
—F IRy TFQEEER Y 7)EF 9, (T (75,
AAF 1979: 178, TALA&LETSE ] 1981:418)

ERIIREBRMBIN TR bR TH D |
ZOERT, 7V lEo T LRCAT Y
—IZBT 5, L IRy e =F Ry IR
D E DT, JEMIFE T T, s S A R
SWTaL SND D0, EREROFEN b ms Sh
LONTERDLLEBOHDGENBIETES, £
7. AR YT EREIITE-T 4 DI FEE4 L
AT RWERD,

OB A FITHD, ZORITHEETICE
FARETITELHEICLEZZ LR, SE0
PFE ORE T, (66)aF T L (73 FHI~F
TV xR LI=OTH DN, MNATEIENE HRIE
MR X — DR —AR—TICF, KXEER
L LIERO XD AN EH I TN D,

2) A HFIDOLF
/J\};Fé{ _ }j(if.lj

FVAEUT DA n Yy $AD DA AF

HEHIOFBEEN SR ORFETHEHSNEZLOTH Y
PRV ITASBRUO THET 20ENDH D, ML
ITBOE N ALHEE ST B A FE RS K BEDT ST A O 7R
— L=z KB & 27 IR 6em LU AL,
F 2 —F FE 10em #ite, A A7 1L 10em LL =T
HDH, bLIOFTBNEL WS, (713)FFa~F




U I B VG R 7o AR BT D 3E 5 S Rl

Y7 DOEREF 20em THDHNE, 2)DOFINTA A
FIESFH IR BIETTH D, WEWSIE O
T B RIG L MNIATEOE NS RIEEH Tz % —D
BRTORMENFE—DHLDOTHDLDON, Bied b
DEBLTWDDONEMR LT IEZR B0,

ZOHIF. ETATHY, (63)T AN, (64) V=,
(T0)T v 7 A4 BNENR->TWD, b T ADAIL, A
H(1983:19)%° [ b &»n7pi= 5] (2003:518) T
X EBS Ty NNFE)DORZHLNH D DL TH D,
ZORIREONSHFEETHLIDR L, Y- RE[T
DR PIEMEFEZT T, Ty Z7A413e 7 A0
VN D OB D A4 SALTC FTREMEDS B D D3,
KDL DERTONE I DIARATHDH, —fi%
12, RADEEIT 30~40cm T, Im 2B 2560
XENTHL([H ko xn7ei=5] 2003: 235),
ZDOZEMNS, Ty IAITEEORE IOMAE
AL, URIEKREORAEIET EIR_RA DO ZY
THHLHIZEbND,

WoHIX, 7 aThsdb, SN o, SO
ETIHOT)TZ D 1 F LEE S 72> 7253,
TERTIE, KRESICE Y Z0FBEEEZED T 4 53BN
B EFonTnWg, ~ 7o & gk e 1
PR GRAERAE T 2 O, EEEEREE T
TR THIESNIATHLDOT, ZNHD4
FRIZEHTHWS LD DO ERE L2 nEe o
7200,

A —MAFEOEBLHOMIZEEZFI< LD,
LI oHD, FB—ld, BERRETNTH-TH
M9 | & bW I8 b AL ODIFET
HD, TP LT ELTHD, KA
XIEEDARKF I, F00 AV Okl A K X i
ATHY e EIT>TND EFES TND DK
L. dbkg i Ko fETevE 1 KX, R A T
SNRVDOTHEWZZ L 13dH 2070 & ola|
KL T0D, ALEHiC, KEDZ T % KF KX
NI F LSOOIz L, HHEKIEITVRZ T &
9. BRI EWIITTHOBEM TYFEEILD
NHTHDHN, WEIT, e 2BELE D &
LT, AGOWEYSIIHE-> THEEZFERT D
FHEIZHEMIT 0,

B, (600 vy aThDb, LM TIEF v a2l
RESNTWNWD, Bl 20T EEn 7 m
TTHHEyabtbbrnT, i &b Z OHR
TEELILEETHA D WHERTYFX /)~ A
A ERES DT ON TS HROFRAEICE RN,

5 ATHEEEERE

51 WECEDLAIITEFEEEE

IHHH 4 SO, RET L FEXR)
ST, REWIEOTEHRKOREEDOH 5 55D
WEICEDIITELHOE AN H 72, KLV [
il 50 DB ] (2004: 766-T67) Ffm S L= #k
FRR R LN O HIRY 222 2 TOME##EE L T
W R a2 L, EEREHRNEETHD &
DERNTETDOT, WO THEEIZANLD Z &
IcL7z,

(83) FUTH :S/ITNA ; A7 houeyx U A bl
DD Fet% OFENC, BIA DA EZ RDEDS
OIS ES, AE(K £ ) TEAITD
niz,

84) aFEFXUH~A I HA LK 5 S/T-NA ;
FATEEH~GRREFIH, WOV o= DFf
D) ZNINTHE & TR D I,

# [AbAe 1L 50 FE D7 ] (2004: 765-766) : KA
W BRI, AR U HERE LIE, fR< A
M, FATEE R S L, TEEONEIC
FoTHENEDL S, ZOH T, FNIEMHEE,
HWOENSEINDETEO TN, A
PHEKICOELELDICEL RDHDT,
TN EETIEWTEY BRS EEDFIC
o

(85) 77T A :SIT-NA ; 530 DB & (R4 IZHR %
W AAZDTIHE)D Z &,

#S: FRAEW I X D & bkl XOET A X
TIX 2013 4F . TIT - T,

(86) NAA : SIT-NA ; NAA LiE, s S A K
HHRCFEEE L DD T LT, Hm, fREE
NHEDDL, = ORI = VRO 5 L,
FRBED NN A TN T - THE 2 A bt i
T H 72, IR0 O T B[R CIEZ K
I, HEDEDL LY EHH D, ([ 50
AT 2004: 766, [KAEATEE ] 1984:390)
HATIE(1983:258) : Y F I NFAITH DY

THAR7= BRI HED Z &

(87) NY U= S/IT-NA ; 2 H DL 5 F)DKE
V2 AR L BT R X (BB VS & D B R A
HTIThiLAaME, =3 OfkAE-> CHE
EZHLSBY AW, RRIAETEZT 5, b
¥RV EBE I, 2 ARVMIOFDORITHET,
# [AeAg L 50 FE D #7] (2004: 846), [ RAKHT

] (1984:371): ¥ F¥: 2 A D& LN T
MRz L7=d o,

5.2 JEECEDIITEFEEEFERICOVTORL
(83)1 587D 5 DDFEFILT R T = iz Bl
BTDHOTHLING, =Dz TLE-T=
4B, EEENPDIINBES NI BHITETH D, -
72, BHEKDIEENS, 85 F T IFA4 LBV Y
<A THIT 2013 - F THETOIL TV, HIKDOE
LD ER BT N N2 oo oD T, e/ <
P4 AICES72%F 9 ThDH,

FAbkg BT s ] (1981: 4511, Y 7<)
WZDWTIRD K 9 723 f 7250 3 5,

(I DYEIZ B 720 TR0 5, BV DOE Mk T
YRIZHTEY, YBORBEOFZHE L L., H,
S DIENZ ., ZTOKROEED HED
TR(L &EX)V2MED, MERDEICET V EIZS
Wizl Z AT, UFEOENSEFEOHIZKO
EOITTRD, Ziud, =V Ok EN-E -
boOT, —fTKkOmMEGIZOTT-EE, —8t
HIELLE CIRABR WA T 5, |

[F] C A 72 72 0] T b KA T, FRmidk 4L



A

REREWHT AT, 2ORL INEAITE-
T DB EE-72L ) THDH( TR
(1984: 371),

=V IR H HTEE LT, SROFRE
TIHHTIRDo7=N, 7T U@ &)L
T IAU A LHEEFRI)NAL STV S, Tk
IETSE ] (1981: 452)I21%, IRD X 5 i n & 5,

(737 U% : AT D (= oK
DO OVEMMNHIIRPEET - TL D, BHD
FICEBEATDHE, HOHLUHIDTB VT
WK DOBE ZH LDRICEW BRI,
JEENZRB Z 2, ., I eollsk, HAAD
D7 Ex O, WUHED DN A% X | RS
B, B TER A TSR L CRIR R E DT, B
JF A LT L CEAEKZ D,
#y aNITEZICL D,

= Ao RVERGE IS wN 'S SY/IN 'SP PR NS o¥
&L fEEETRWL, ZORICHE, <7 U HEED
WH - BF 3 2 AT H), 7283 H Cifa
R, RO E IR DI, |

T AT U eiEON BT IIoNY Ui Ll
LTW5, =Bl hezdin s L TRBDH
FKNBERD KR EORELFfF > T2 &%
e SHEDITHTH LN, T TIZELIHEDOY
FETCHY ., EERHNIER D DA EEZ BND,

FRA W, 3 OV B ALk L EF SER S O
REZTHY . TR S0 EDHELR] T35
{EIEEY ) (IS E O RGN TR L T D, Z D
Fzafr LT, EBRIC, HEH@E LTINS o7,

o 75 H K B R

2015 42 A 26 A VHHSKE T

MEF OGN, S X, T ), Ma<
(Y —T ). [Flm & (W& FEE) T
RS AL, MREE L R OIS VWIH S EE A R
HEIREY FIRY OFTEE 28 LT, E Tl < ik
DL FLE LT ORBNKE RFITEZ TN D,

FEROE TRV, IEY OIS OIS
WTC, BERFES 2, Thick s &, kA
FBDOFENEELY ol AITE DL ZAICH - T
IT& ., BRMTOHE & S L e EZ TS Z &k
o Tml vy, AEAEYENNDIE R —H —
THROI SN TWEEERN LMD, EICEDHE
By FIZ b HIRIC L T, H 2D WITERIC X
STHHADEENHILX, THICEELZFEED

Wz

FEIE SN D ATREMENFET D00 H LivZewy,
6 fEim

H2ETTo 2 BN E 2B & B 4 L0 IR
LINTFEREAE A T -2 JAE -k N,
FHEBLIOMMTHED 4 OB 7T =2 FTE L
DD THDLNR, ZORENLHEiERE A
T3 ODHERPHGNE o7,

F—OERIL, ERAICSKHES T bV ER]
(ecologically-conditioned factors) Cd» %, Z DEK D
I, RSO & DR, IO/ - fREE 7
E oM IS MFER Y BAREMICED D
HDONRAD, T ZIX FE2H/HTRY LFe# a0
T IIERE & REHTRRY . ZHICHE-T
HAWDNDFEEIEWVDR R N5, ZOERIL, W
DAL VFIEORDL, IE SN D & 3 OB MEFITK
FLTWD, RLZ LiE, FI3IHTRAEZLSIC,
DOWERIEIZ L H YT 5, AEOEULIZON
Th, W, ERICEEST bR TV, T
BB 2 e THE S LD NS b b,
b OHREORBOREN D AL T, 22 DXLk
Pz RETHD,

OB RIE, SIS RHES T bV ER
(socially-conditioned factors) CTd» 5, Z #uiZid, Ffn
TR R THER L LR TO AR OF
BHINBIHRANDIND, Tk 21X, =2 D X H 7
RSB OIIZIE, TN e F T 2 R
LD, HDHNITEVE L ORREEZFE LT 5 R
RFHE, R END H1E0N0 2 Y &3
DI Okkx BRSO R - AEENFET D, Th
HDOHDITIETNTRECA D D | HIlEEFRARIC
KoTERYVNHLDOTH S,

BRI, FEREHEARSCM L EHEILE, e
ARROTNED, SEEINIHRMEST b EA
(linguistically-conditioned factors) Cd» %, ZiLlE, B
BT o TR SN D 7ET TiE <, TR
Ronsd Loz, MToBEN B ENICITLILS
fEIR I, HIERAICEEN 72T CUOFE LGS
KTh s,

ZODERPEMEICIE G > T, T L2, J5
SO ILEME L FEMENE L H DT Th D3,
ZO=ZFMITIFRO L5 2R EH D Lo IiEb
na,

U
PSS EMS T b - ER

4

(G amoT o &R )

[ BN S S 1 B LT B ]

HRRgETO L) IcaFanggiciEsng it
REMIIZ SR DT S - il Cid, Al O BB IS
IO BFEL, TR Z TR %
AR S DI S LRSI PREY g0 & Jhab ik Sy
PGS TS, IBBRIEERN TIE>TA U
DifEZFEY | NS ICBE L7 RERE —EK



T by~ o VG S T 7R BT DI E 5 S Rl

FET DM, TOZ L IFEFEHTHO = U ilEI
ﬁ%éhk%ﬁ&i&éoiﬁ%ﬁ%#dﬁgh
T S 5 L2 AR (SN i)
?Eht@mlkﬂ@ﬁﬁ \E%M;K#O
DR (T2 & 21X, S SREEM) 2@ L
T, AUV E=v ) B HEmRxgc i A
L2 5, RO R L V6758 TR UiE#
%iﬁl;twéaychéﬁﬁkzms

F ey BEHIETH - TH ., O SN
Lk D & & LA AE AT, A o BIRIMED
G = OO BER D AAE Liﬁﬁi LA EINS
DTIHRWEA D Dy, T ORGROFER X, HFEE &
TaEi & DX 572 5 i S iEEORA L S ir 1R
[N AV AN

HEE

ARFAEMFTEIL, R 26 FERHAHFSCA B & GREE 5
26370523) DA & 6f@%#%ﬁﬁﬁéﬁﬁﬁmﬁw
HIGHRE e E B G S RERE O LG | [T AW
BRDO—EHENI LD TH D, ﬁn%ﬁ%%ﬁn
TL 72 & o o 72 Ap T pE LR B K pE 4R BLAR O Fk B
R, BEOSFIZHONWTHIROR X 22V ikGi 258> T
KEES7ED 0 EHEREMICRSE LT EE 5
A E OWEmEEK, WO RO BFAE 1
ERTERAARAL L T 72 & o 72 KD £ O RS K
BHECIZ L B L &2 B L B2, E7-. LFRAFEE
LLTREMICH NI LT ES > El L¥ERFOH
RER, BHRK, “fMEZRICHEZRLEZY, )
Hh, AREOBRVEOFMIL, EOFEHOEVITFHT L
DTHD,

i

1 ARROEEFCTIE, ROKLFE2HERT L,
S . Wi /qHT
T : IHBEIER
S/T : W7 /pBT IHBEFERWN G T T 5 /> T
7o (OFEANTE T2 72 0T . AN IR FERD)
S-NU/T, or S/T-NU : ¥ 7720 & % W ME BB IETER
ELHEMT s> TWA/MNWE=ZEnd D)
R oYY
S-@/T, or S/T-@ : ¥7=720T &% B\ ML IHEIETER O &
H BT DRV /BN Z L3730
S-NA/T,or S/T-NA : B 72720 & % WM E HARIEER
EL BT RHER
# NU: Not Used, NA: Not Attested, @: Nothing
2 [ EREG AR Bk - R oIRCRidRT 5,
W7o 2RHT T E T IRIBE TR CTBUR S LT R R
THIE, T#S : B7-7p0T #T @ [HIBELER ) o X I
T %@M@tﬁﬂ%ﬁ%ﬂt%ﬁj:#@% T3k
LuFoRT D, B, EERERIX, 777Xy ME
[k A
3 YT DILESHoTNEDON, HHIZ, F<=T I

Wi, FBAR(2012: 10) TRO L 9 IZ@ ST 5,

(S CA W &L L xoEE, $8 2 AT
Do NFT LB L EERHREICIEINEDL EED

10

11

12

NTND, ]

7o & ZUE WORHN OO RO TIX, ¥ =
YR EHWTORNPIE Zbit T\ b

a0 %béﬁ%ﬁ$_owTM%M%Tﬁifé
FAHE(1983: 189)IZ. FARITHT P CHEEE S AL725E

LT, VY. Pﬁ //7&%umojkwﬁﬁ#
D,

[FABIETER OREW HE I L BT YT I OEHICS
WTCOFKIZART FOMI L —HFT 508, i
M OFERZ OHINITNR 0 OFT s b, E
BRIZ, X7 7 E2and X LRUBEKRTHON TS
D, FLE BTAEEOEVENNZI LD H DN
WL, HEOLEND D,

FER DR < R—CUli) b H 5, 23 H (2006:
142)1%, MEEHICBIT 5 =3 o HMAERI 2, K
MDOAT > ZFM LI, HERE ORI RD
YA . B, EAbHiF o4 U
HERBLE T ST AUE N b HRE ISR -
TLleBEZXDLIENTE S, EHHILTWD, FEE
AM(2006:144) TER SN TS L H I, [HHR RO
M E] (1975:44)C, N\FHFCHERA S =AU il
KL, NI CTH D, Fo, 8L
(1982: 2DITIF A~ ADFEEN B I N TWDH, T
HATH D, REHOFUZHE D & D B A
BB LIZEEZONDD, FEIEENCTHE
AT CHREH AT BT, AIROZEZMHER L
LRAEE LTV 5,

PSSR EEH L] (1982:20)IC T % LT 5%
Bl OF vy 7 a a2 LT, I~ ROBENBH S
NTWo, InNERD & LHiIcEEa 27 ) — 1T
ﬁv%ﬁ@ék%&A%*OFitﬁvﬁﬁﬂﬁb

BREINTWD, BATOZREDORTIZH > TFH T

%%Tﬁvhwmé%ﬁA@E@W%t iz L,
BaRELLELOEMBLTHLHWW, BHT
1. AU LA LRI D B 150cm (L OSSO b
OBANSI, B4R T I 200kg 7> 5 300kg
DAV EBRDZENTE,
HF(2007:76)D [ = i L fE - T2 E DV A0
A HOZEMBICER Lz 0|0—ERIZ, RO LD
AR U PR

THE(5) : BURCTHED, IROHEREF TN 1 2 5 T 3~4
HEAE

P A BATES, 18 10cm, £E 4~5m,
MEED DO B DL LTHEM, )

Yo BA BTN TR EY, EHEKE, mEo
VW& HIR Y 2R 2 TR L C< ey, a7
NH, TNESETCHITHI ENTERN,

[ Abo &a7ei=5H] (2003: 235)iciE MHEiEE <
D T AOEZER, HHERIEE & H AR RO EITK
PR 100m £V EWFT TIT 0 5 IRIEIX IS E ENE.,
FILME, ~bO0&#0, ) EHD, VX EFRA~ADFK
1ER0,

FIAILO URL X, RDEYD TH D,
http://plaza.rakuten.co.jp/clover5296/diary/200909
080000

http://blogs.yahoo.co.jp/umai3 103/45989784.html
http://www.pref.hokkaido.lg.jp/st/ske/osazu/0z01fi
s/fis074 .html



s Bz

WEB 122\ THur L TL 72 & o 72 B R K IR
L RT3,

13 T~f ) 13 E A B2 DAL Th D, e
B.HHEOEE, T~ # A5, [dEEiasEs
(195D = &,

14 209 X°O http://ameblo.jp/ebisuyayouten/entry-
10588112166.html Z&BMDZ &, Z D7 v 7 DIF
EEHFZ TS o BHRKICBILEZH L BT
7=\,

15 [RBRETSE] (1984: 37DIC LB & A v I HFEHIE
8 H 16~20 HEE TIThN D2 THRAICHKD
ni-,

IR

SHEA, = U HEHEREROS R )| T ER RS
RIS a0 b Az AL E OB -
WGB A ILEER O A2 LB LT - I 195,
2006, 137-146.

HFHREH L, [HFHRROME HFHREBERMGEEXG
52 4E), 1975, HAREAS AR,

AEAE e, [ALyEE (N 55 4R B2 5 S UINE R 2
SCFAUERE  BIEREER] <RATFIFEFRE>. 1980.

fomEmEsE, [bEE 5 SEr ], 1983, Abia gl

ILZ2DOW725% FRL. http://blogs.yahoo.co.jp/umai3 103/
(2015 4F 6 7 12 HEAEHE)

2. 0%9%°, http://ameblo.jp/ebisuyayouten/ (2015 4 6 H
12 H A D)

CERET SR S AR a ., TouiTsl %] 2001, &6
T,

JINE =, TRFMOIaEER Nk — ) Mo
WA S OB « BF O 2 L iX &R 1977,
147-160, ALHREZTE KA 342 E GG HE.

ey sefFfEZ B, TAemumrse ], 1981, AbAg LT,

Jerg BT SRS, T ILT E+FEDH D], 2004,
AbAE LT,

ARRER, [dbofatdmiil, 1979, AifEHrit.

WRITHEZE S - RN SHUREZR & | [ L s Esh
M WHERATORE], 1982, HJFHT,

WA, HEMG S ENTAGEICBT D KEDFERIZS
W, [RiEE S8 Seifse] & 12 5. 2014, 33-
42.

BHE, AR S SI2B T 5 ), [ 0%FFizon
T - EAGEO LV TO—Fp] - |, [HLHEE S
{bAkge] %5 12 5. 25-32.

B - BAFRE - FHIER - AT, TBEIE(E 1F
SMHITBTHEFELIAE - Kbh E5H], =
B T3 R A0 45 51 5, 2001, 173-182.

7 e M BOR AR HP, [HLigEE 7 72 i 4525 2007 ),
http://www.town.setana.lg.jp(2015 4= 6 H 26 H#ic#&
[ 50).

WEMANT SRR S A B TR L], 1991, AN

5 ANTATBOE N G R e v 2 —KEER AT
ft HP, http://www.aomori-itc.orjp (2015 4% 3 A 13
ER-Sidioln)

H 5 AT AT B N A HEE SR A A TT AR K FEAE TR A

HP. http://www.hro.orjp, (201543 H 13 H#&x#&
)

KRAEMTfmEZ B, TREITEE ], 1984, KARHT.

TR HEA s ey, TR ], 1989, MBHEHERT

WEAIRZ, [ B B RS O CERIfR OESE ) | [ S
FESAEMFZE] %5 10 5. 2012, 23-37.

WA Z TR o BRSO U M OV SRR D 32
[T, M= TERPAE] 5 62 5. 2013,
69-80.

EARHE, BEEICR T D TRy KO 1) - T3 (2B
WL EREREIC OV T, (s 58 S0 eargt]
%512 %, 2014, 3-23.

AR E ., DRI 2 AR, Nk, TR,

TN (SR L7 HFEEBEIC >\ T, [T
BERFEACHE] % 64 . 2015, 85-97.

e e s Rl S e THomE e .
1957, JbifEE/ST.

CHEE K EEARTS S K EERR = 3 HP.
http://www.pref.hokkaido.lg.jp/sr/ske/osazu/o0z01f
is/fis074.html (2015 4= 6 H 12 H fchEHilE).

KB - SERE(REE) [ Ak & 72725 ], 2003,
A AL

HH O ALHEMEMAE, [V &M &S Ok ~N
PRt ~], 2002, & 60 < LAY,

PSP T sEARAE S, [ il F2& D, 1987, M4
7.

EWEOHE S VWS, (BTl bR
LWl ] <RAZ—>, =i

WK 7 1 HP,
http://plaza.rakuten.co.jp/clover5296/diary/
(2015 4F 6 A 12 H i HE).

FFRENGR), [EZBAFTEEHRE - 2Pl 2007, 12
AT B EH R - AMIEZIFATRES.

LR, MMeE A AR e S AREFR], 2003, B
R



Mem. Muroran Inst. Tech., 65(2015) 53-58

R4 He A
O odwm O

Language Change in Media

- Stereotypes perpetuated —

Margit KRAUSE-ONO™

(Received 26™ June 2015, Accepted 2™ February 2016)

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, stercotypes 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 50" 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! [Verkaufi 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 fiir 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
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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 liigen!|

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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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 Ilatter 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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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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retrieved June 20, 2015] (2015).
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Phonological Interpretation of
the Voiceless Alveolar Trill in Icelandic

Tatsuyuki MIMURA ™!

(Ffazfta FRk2746 H20 B GmCxEA FRk284 2 H 2H)

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

INET, FRICESREEIZEI L TIX Jessen and

1 IC®HI

Pétursson (1998) V<> Pétursson (1973)? 7 L AT

AR SN TE A, EHENE S PEF XS D

L1 RFEOERLEBH
T A AT REEOIGE (sonorants)C
B, SD2BRHY, Zhbiglk

(T8, M

4 CRlE AL E o, BRIk SHH TERRHEXSD 2 HIZ

ZEIICBE L RITMERE LS Z L., BRI
%K%Lfi%ﬁﬁmﬁm VLR (A LU,

CICHAE R R —Th 5 s
N kA B
(1) a. fimmti [fimt]] "HFEHD |
b. hneta [né:ta] T v V|
c. banki [bauiki] 87
d. stelpa [stélpa] "2 D+

e. mars [mars] "=H

bIFET D, B

%bfﬂk%wéhé%@m Wb T —
ﬁ@Mu L DOAREEELTWD,
FITCARETIE, EMFAEEBELTE LN —
Y BT He D & SEATHIFFE O A <0 RE A 2 i 1 5
5&&%* TATRRZEDN B & LTV AGE
L (A) BT AEFEESDAETDIRIENE

* B TERT O & SUERER
* EROE AR R IXERE S T REIPAIC L D

FEiLEFF TS, {H L, accent aigu & accent grave &
FIRE LRI O E LTHEAT 72 L, HEH
IZIPA OIEAIE L IXR R D RFTEEZHRA L T DRI
HEINZW,



—AEZ

AL, X0 afEmCHD XY Ei 7z H5 2 5
D AT DEHmN 2R ARET D,

12 TARZ YV FEEIZSOWNT
TART U REBIETA AT RIEFE A
FEChH D, HIRGERDO SV~ VFEIRICE L, 7 v
TR/ NV =z —iE L LA v~
ﬁ(/»bu%)%%m¢5 ZOMmD 7 v Rk
B L THEORZAREZEL TR, REHE
RERR-CRaEm N EME R M CRRETH D,

HERRRAICIE, s, 5RO RA YRER BT
MTHBNRWEREN L TONEDL OO, FHEEL
FIOAE A PEH #i S O K (B RSB & Ei(CV)
XS EZ NGV el oMo v~ 5
FEICET AR EET D,

Fo, BmEAEOIHEHICBTINER (BE
DOERM) L EHRTEOBORICE L5 AN
7R BRI (B): VCC/V:C; *V:CC) 7L, (T~

— V7 EERBR) /v REEEEICRA ORGSR EF
LTW3,

ZDO—FHT, TAAZ Y REBIZEA T2
DD, TN~ FETIEIL —HD IO BB
EN5 B preaspiration)] (AFSTIE [ 12T
TS5, il vam VEOW] k) 2HT 5, £
Kﬁ%@fﬁf%éﬁ LT ARY oV NN
IR RS N BT TH DD X 9 7B
%%5z55%%ﬁmk%ié é%’\74x
7Y KO3 @%ﬁa(ﬁﬁﬁ-“*ﬁ L/ g

=R 1. T voice] OAETIXARL rx\a
aspiration| OFMETXH| X5 R HFHEAITH 5,

[:rb p=in

13 ALK - 41> 7+—~<> b

AFTHIHT2EENT, &2TC, EEVHEEGE —
LT N E L TTo I EMPEE
(2014 4 8-9 A, 2015 4 3 H; H#B Reykjavik (Z
T) ZEUTHRILEE—KERTH D, EEOE
BFEIZIZWbW 5 TR EGIA BB 25

*3 N H#933 5 A (2015 4E 1 J; HJE: Hagstofa Islands
(http://www.hagstofa.is/); 2015 45 5 7 18 H %),

*4 A L7 F—=<> ML Audur Gudmundsdotti K, 2o,

1955 4F- Reykjavik 14 & 41, Reykjavik IZ TAE,
HARD/N, HERITAHE T % grunnskoli (2TT A A
T RREET U~ —JREOHEN & L CHHEi A D,
FMEECTHDLT A AT REEDOIEN. T v~ —7 i
JEEEOEWVENENE AT . A v T —~v M

A L7, AEEICIIRIRT 5 TRV Tal
HEINTWHiEHHETHEB E L TERYIALT,
FEEORAETIX, FAEEICTHE LZHE DIED,
AT H O H ORI BE T 5 FIH OB A O
ICHER b IFE TIT o 72, ds, HAEHE CHLES
AT A= R ROIFEILSHAEOEED
BEEX5 ZENAETHIEENT v ~—7J ik
Thdlzd, HEEETHEOENSIEICHLT
vv— R LT,

2 &

EXOBRMLIEERNOWMERESD 2 HOR
BB &2 LL IR T, 723, 2 THIHE (citation
forms) TOIETH D™
(2) a. BEE

hradi [ta:0r] THEEE
hrdr [rayr] "4
hring [rigk] " INFL. )
b. &BH - 5B
(i) harpa [harpa] "/~—7")
svart [svart] "Hv> INFL.
bjork [bjo'egk] M
(i) mars [mars] "=H. K&
fersk [férsk] THTff 72 INFL. )
porskur [03rskar] "fi&
(iii) hdr [hdour] M52
hrdr [ravr] 4D
QbR L77EFIE, AR X 50 2 B GERIC
BHNZno b, 2bi)RRbilI/R LIZ3E & XA D
FEEAEZ R LTIV, Wb D THExEE
absolutely final] DOALE O HF|ITH D,

L CTRJJLTF & -7 Gudmundsdotti [G 2 Z D5 %
BED L TLLVEILERL LT 5,

5 T A AT REOEFETIIREFIZTY 722 b
Fh 5 (accent aign) & 92 LR H DA, FiRmA e
B CTOT 72y FOFEEZRL TN Tk
ORI NS B BE IZ W,

*6 FaB B O B ARFEFRISAT L7z INFL. 134 3% 556123
P TH D Z &7 T, T4 AT REBXENE
{LOBEERSETHY | ARRIZBNTH BN E -
HIIHL T2, BITOREM (L Thnik
PE - 5 - B, ThETCTHIVE AT - BE 72 L) 2R
THEHE S THME R DR DT, —1F
INFL.AZfFLTRTZ LT 5,



4000 Hz |
3000 Hz =

2000 Hz [ttt

1000 Hz

72k, (2b.ii)l L/TLK.:DWJZP%EH%%VC%EN%
MHEEESD ZHIL
Y=y _E,Emkéhtb\o
LI L TV D08,
HESDZTERSBETOWTILEL, [S]OERTIZ
MEEELTHND Z TR, 22T, £5
OBERFEL 0 i E O B EEZ5 < (PFETK 1 b
SR

(3)  hdls [hévls] *[hauls] ")

Flo. FBHTH Y HOREFICEERIT T 20#E B, AR THOREICEZEER T DAE (

TA AT RFEICRT DR H 50 25 O T miIALE

“.icl'
)

'h"

14
mqﬁiﬂ‘

i ! v"nm Fi :
‘ gl n,l‘;‘llﬁl '! | ﬂ"‘“'a’” {‘Mbnq““\( ,’.“"4

o'l‘ L
1

- ’ 'Q,. op' .a\ .’m",f‘“v’
: ey

X 1: hdls DAY va 7 o A

2: hrada & rada D AX7 ba 7T A

— rada [r&:0a] "HLYIT %
b. mork [mcerk] THI INFL.
— mdrg [meerk] "% \> INFL. |
c. marka [mérka] "H1%Z 21} % |
— marga [marka] "% \> INFL. |

T, UTPICRT LY EEESDL AT AN

R [s] D E AT BN HESDZ TR BIHERIN TS (T
Z Régnvaldsson (2013)% M2 bsEInizw)
FLEOMERFO G, M (4) a. hrada [rada] TE<

et



—AEZ

FERONLE) T, BEHEEXESDIATEAFHEE
5B ZEDOR/IHIFHER S LTV RNT,

3 EATHRGE L £ ORMIE R

BHCS A LB, T4 ATV RFEIZBITS
AW XS D 2T OEEW - BRI E T
BT mAIEE LS Z LW, BRICKSEHT
FEAREESDZAEENHEEZMS L EFEE L
T TCHm BT L™, §) FHER /hy
DEEBIE L3 D380, i) B F i L5 EF{L
RIS DGO —oDRHTH D, AEITIE, A
FHDOM#E L LT Haugen (1958) 9%, #%EDNE L
L T Régnvaldsson (2013)P % v Lif T, ZhZEh
PUHIBICHREES D,

3.1 HFREHe/hr/ & T 5 IR : Haugen (1958)

TAAZ Y RFBIIBITHAEFREXSD A HTDOH
R S K LTcME— D5t & & 5 2 % Haugen
(1958: 60)® 1%, TRl & d#HiLe LT, FBIEIC
B DWMAEHRESD 2 H 5 T h/ & LR
T 5 1) FEERICEBT D HFERE /pr-, tr-, kr-/ & D
AR ORI F; ii) FEEEICRIT D A 2K
SHZENI-THROLND,

TA AT RFEIZBO TN EMNIBEICHRET D
ZENMARETHIETHRTHDHI-D, BEOEHEE
FHAEDOETII I VDH TN EFHES DA TS
FELTHETDHEIVBRENTHD E0H T
FEATHDE VWA LS, L LAans, &L,
PUFOHESOFEIZBWCHESEZET EE XD,

EFTHE I, - WO Zfailo—fE LT
WHMN, TiEme LTOHRBENIRELLLZ LU,
B, TEEARE h REANEFRESD X E L

*7 FHIE TS TP M E AT DRI b R/ e
FELD EHEESND N, E DX D 7B Hl X BLRE
RTIEHEZTOERCIIMER STy,

*§ EHOHHRE L TV B IRY Tid, Malone (1952)@73 %
HHEESDZEZNAREMSIOEFR L LTHRD
D (EHAWDZ ENARETH D) H— DR TH
D, LML gmiliz < BfElc s Tl 67,
Peo T, 2T TIEEATIMIE S LTHD BEiF7eun, &
7= #1213 Arnason (2005: 1562)® 0 X 5 |2 F BRI
TNEM T E IR E FMFEESD AT O
FEEAT vz b (WbiE, THEELTRD
TWAENDOTEL)EH L TWAIFRE L LN D
A3, RHRICAHIZE TIREATHIIE & LTl e,

LTEHRT IO, HDHWE MW IZXD i/ HNE
FALT 2 O FEROBZ LB A TH 5, =12,
BRI M A2k D i OEFRLE IR 572 613,
KEOFEBBICEHBRICB TN EHIFRT 28
AUZSBIRMLEL L 720 | FREME (economy) O [,
ERRTANEME L 725, FBINZ, FETHOER
BB EX52 2 FICHET 2mENERT
bD, BmEIT, ARICEEA & FRRIZEE R R O
FHESDZEE h/ EfFRTLHE, TART
RERIZB W TARES RBEDO T 2R T2 2 &
LB, BIZIE @bl & LTRIWTE fersk 135E
H DL~V TIL[CVCCC W ) R & 508, (R
WS X S0 2T 2/ LIRS 5L, HTEOL
~JLTIL/CVCCCC/ E W IH HEETH 5 Lt
Do EETREE, 74 AT FEETIH®REZH
I EHITE RS 2 & (nucleus) & T 55613, EHi A
F(coda) T K = DFETLWIHIKIKNEFEETD
RTH D, $#t- T, Haugen O TIZL fersk 135 Hi
BOHKINGERKT D Z LR, TA AT Rk
BT D EEmNE coBAEIcKEE &7 2
Llb,

PLEMNS, EZIT, BREEX50 25 % /hr/ L i
3% Haugen OffPUIER TE 220,

3.2 FBIFE M [+/-spread glottis] i X 5 E (b
Rognvaldsson (2013)

TAAT LV RRBICBT2EFREXSDZETOHE
BRI 2 B8R U7 F R Tl v, A mE &
HERANH S 2 AT & BOEAT T 7ot — A A iR &
RADIERDHEB AT, WHEREXSD 2T
e 5 0T D IRl FEME ‘spread glottis® (cf. Halle
and Stevens (1971)7; LA F[+-sg]l& %) 12X -T
SlEE shizEE{bl LTHRIRATEZEI T
%, LLF. Rognvaldsson (2013: 94)P &4 & LT
By BF, ISR 21T 9.

BEIC 12 HilCBWCERLIEEBY ( TART K
FEOMEHE IR EOAETHLLTEY, kD
FRBIFEMEPE R (distinctive feature theory) O FEH 7
TIEARE L [+sg]. A EF X[-sgl L MR+ 52 &
NTED, ZOMMBRITIESL L, Hl2IZQR)TH
(2B 72 mérk THIINFL.) (CB1T 2 ERHE 5D
ZEIEL, BT 2ASEkINER GEERR) &
LTEAREK THY . TORBIFEME+sgllc £V
gl SnfcmoEsEfke LCod 52 &0
T& 5, [AFRIZ, morg T2V INFL.) (28 CHERS
TR AFOEEXSD ZE[DHNTND DI,
BT DA EKDEHR L L CI[sgl TH H/K/D



TA ATV REBEICKIT A EFREES D 2T O S HEim AL E T

OEFEBGEEZINTHRNNLTH D,
LT LM TED,

LU oESET., ZOMRIZLLTIZH RS
:o@%%ﬁ%%hfwékﬁzéoif%~’
[+sgliT & 2 AL TITH I O T & RO KBI D FAE
T 5, BEl 7% 2 HIHZTHNZ BN mars T=H ., K
B X0 fersk THfif72 INFL. 72 EMBHALNTH
DN, MR EES D ZE IXEBERE S/ O EFNZEN
9%, LL7235, B z1E Thrainsson (1978)®
BT 2 Ko, 513 [-sg] TH D, T HE H[+sg]
TH B rHiE I “with the vocal folds drawn apart to
allow a ‘breathy’ articulation” <> ‘a longer VOT’

LW B EA AT D (cf. Spencer (1996: 143)),

DX D TR A R L SATIXE RIS N D/t D
ﬂﬁﬂb%%%iﬁ’b%ﬁbwrfﬁ%éo
BT, [+sglic ML ORI %2 RS S 5
tblih@ﬁﬂ%i# E%EET D 2 & D3hifE
&@6#\;@*@%ﬁtéfk%ﬂiﬁ£&5
FNEN D RERIT S EAFEL . £“C[+sg]

ﬂﬁ%fb@ﬁ#)ﬂ@ﬁm}:tﬁé B Z1E, (a)l {ﬁkb
THIWT2 hradi TEREE ] <0 har [52) 1R 5 R
WESDZEDOL DI, BEICEELEITT 256
RTHLELTENER LR WEGEAIR, [+sglick D
L (RN (/2 =4S AT DY C YA AN
HOLREDRREICBITHIMAERESD 2 HICH
L CIEHBANAEETIES 2 b 0D, TOMDEREE
BT AMEHESD ZFIZOWTCLHHAT 5 =
EMTET, o T, FRBIFEM[+-sgll2 3 R
RO THIHANZ LWEEDE 525720,

4 EFE DMK
ATERIC T Ltcto . EATHFSEIE B A RFED
f/ﬂf*‘%*ﬁﬁ? 54&*”&??&5/15@565}%
] uT&%Zp%@OD\ TA AT NEEIZEBIT 5
HWESDIAEOREBERZDITIIRIEE > TR
W, ZEOERK E LTX, AT TR, &
DO HEMEEICKIT A EFEREXSD X FIZDOHFE

%9 HHE (FE) OL-ULTIRELSE TH D mork O
[K]% 72 EEHE (BE) O LB WTAEREKY
EWTT 2 ONEMNDIED, Z O REPIHIZH Uz
WFSEITE RIS R SHITE TR 8T H 5 08 EE DS HE
B DI ARE N EE LN D bIBFICES Lo
TR E (cf. Thrainsson (1978)®)% &
152 —H 72 B D RSN, mork DS S [K] % /K"
E T D REA R B & e > TV D D TIEIR D,

HLTWEZ EnFEFbnd,

T ZTEHEIT. FRATHIRICK iﬂ\f:%ﬁé}%
L, HAREL D O RERBEALICEIT DS
ESDAEORDPENEFEE L, MTODﬁﬁR%Tm
ESCGY
Sa. THRNAEFHCEFEXSS 25 (HEMIC

/Wk#é)%mimgikbf XiET D,

b. FEEEN ONZEE BUFLESEESD ZH

ia%@%%ﬁbt%@f%é

c. iBAR (MEXIFER) 1B A MEHRHESD 2

ai<m$fi@<)%£$% B DD

ELL2bDTH D,

FEUTO="2: i) FBREFICEFEFICTENT
[r] & 4 *ﬁ%&éxa®ﬁ4?5%¢ﬁmﬁ
ET 55l R BERRK) BT D [r|& &
XS ZEFTOXRERSE,; iii) %Eﬁﬂ{%k i)l
TORBFRX VX —ORE, KEICTENEN
DFHIAZ SN TFELLFm L TnL,

1 fa#l 1: RS OFEE

FEBH (CHOREICEERITT 25A) NS
%¢Tﬁkﬁ%¢¥&6KEiMEﬁibjﬂqm
R LT &9 IR/ INREDFAET B

(6) a. hrada [ra:da) "<
— rada [ra:0a] "BCHNT %
b. mork [meerk] "HI INFL.
— mdérg [meerk] "%\ INFL.
c. marka [marka] "EHIZ D 3 |

— marga [mérka] "% \> INFL.

PLEMNS T A AT REETIEE RN E TN
N0/ RET D T LA AH f&é&#ﬁo V)
MNTX D,

HHR
e

2 Wl 2: FER (BRRXR) BT H2REBEHRR
HIET ClX au»EitO\ B OMSEEESD 2 EN
ML L% L qu Fonszdz LxEiE
L7223y, TIEEE BUFOHFEHEESD ZFITW
ﬁ‘ﬁz{jl_ﬁ‘j'%ﬂé(‘g?)697b‘o FERCIEmid L
7o &9 7o/ RHIHERE S AU T W Wy | SEATAFSE
DRI IZ AL TV o A TR, AT
HIMFRESD ZEOWRD BN ZREE LToAER.
FERICNDWEF XS D 2 F I ERELY S Z
ERHLMNERoT,



=Rz

EPTEAFEO RN 2L TITRT:

(7) a. hdr [hdvr] 42, (hdr- [hdyr-]~[hdur-])
e.g. hdrpurrka [havrOur(r)ka] "~7 F 74 ¥ —,
(< hdr + purrka [0dr(r)ka] "F 7 4 ¥ —)
cf. hdrndl [havrnapl] "T~7
(< hdr + ndl [navl] "§l;)
b. ¥fir [tvr] = 112y (fir- [fom-]~[iwm-])
e.g. vfirtaka [i:ltl]‘tllﬁ:ktl] Pl & k<
(< ¥fir + taka ["a:ka] "HL2 )
cf. yfirleknir [{!lfll‘lﬁ!t]kllll'] Mot

(< ¥fir + leeknir [la"kni] TPEA )

(Ta) D har BN & 2 & BETE harburrka ORI
%f&bfﬁw mrEbzsl&EZ L5 THA
T (purrka OFIFADE) Bk T D551, har-

0)5'5)%@ FATBEMIE LRI U |MEOHEXES D 2T
ELTHNRTWAR, —F, BE{bagl i L
372G (nal DWIBEOF) DNEEERET 2561
rmﬁ%%f%émkbfﬁmrwéoitwm@
Yfir DRZED r HRERIC, BELEZGIEEZIL Y D
B (taka OFFAOE) 03&keT 255 13 %
&éi%?ﬁhfwéﬂ\ﬁ$M%%%t;L?
720N E (leknir OYIFADE) BFET 25613
THNL TS,

(MR LT L D RFBERICBI D EFRHRESD 2
B L ORBFBGT, XRAICEWTHBIE S
%o HARBIZ LI FIZRT:

(8) str [stdur]~[stdur] "R E %)
e.g. Magnii  er stor [stour] madur [ma:our].
Magnis be large/great man
"Magnds [A£] oA Bt
stor [stsur]  kirkja [K"irka).
Hallgrimskirkja church
"Hallgrimskirkja [[f45#a] 2K EAEETT,

cf. Hallgrimskirkja er

be large

HEFEICBT D har-=<0 yfir- £ Rk, stor DFERD ¢
HiEE g & 2 L2V E (madur DPJEED )
D& T DL EIFAEFE CTh D] THAL TV DN,
EEZSI SR LG22 E (kirkja DYIBEOE) 73
BT oG AIIEREXS 2L LTHATY
%o

7p¥, AIENC CREICHERA0/OEBE & LT
T FRBRIC BT D A2 5 5 2 B id, RICA
ERFATLTCHLBLTEFTOEETHDH M

WCHER SNV

(9)  hring [rigk] " INFL.y (-hring [-rmgk]; *[-rmk])
Fit WS FRin INFL.

(< gifting [giftmk] "#5M5) + hring)

e.g. giftingahring [giftmkarink]

PLENG, MRS D S IIFEHEEGER TR
ZOEHEMOEENKELS R BEOLA
WL CTHIFE O AT ERHN 72 B &N &0
(ﬁ%Tﬂﬁ\%MQW%Eﬁkbfwmﬁé;

EWTRETH D) ZERWBMNERD, TR, &
DTRERICE T 2EEWRESD 2 FITEHRAIC
EDEIITRZDRETHH H D

Bl 3 BERRBICBIT 5 EFL
%42En0 TR Lz 21T, GER (BEIC pﬁ%f&
L, HorHEFGEZEKR LeWGS) 1205
M50 2 B %E -5 oMElIc ;ofiﬁ
Faf%é[r]&ﬁ’éﬁb HZEBHLMNERSTZ
2. (DB THNZ SN =5 O BTN S b

LN L DI MUJ: (pause) &I H VDD D
HRFEROMBIZBWTIE B L TESHEXSD
7_50)%&75@%&’(%%’)0

ZOXI)REBRICBITLEFREESD T DR

LENE SR T 2, EFITFEROE
FHESD A BT L ER/MDOEBIE L LTRSS,
542 filCBW TR L RBRBGUTE FERERICH
EINTZBLETHY . # 2 1EX(Tb) THIZHI Wi
Yfirtaka \Z351F % yfir-ORBOES#2X 52 2 HIL,
?ﬁ‘fh%af%é[t] LoThHlEkRZ &En-EE(L
& LTI B R e BB R ATRE Ch D,

FERIC, MEXIREROME BT 2 A X525
AEDH %?E’J ZHBAMNAIRE R LB TH D
CEFIIEZD, BAOBEY ., AREITAEROR
) (PHPAES) 25 B Th V. £ OIRE D FE)
N R DR E T ES T DTDITIE—EDT R
IR —NMEL D, LOLENRD, AFICER
TRV F—IIHEEOBAETIZ L L THRFEO KR
ﬁ:f)\ﬁf?%ﬁb’tﬁ’] IET ORI THD, &
Z T, & (word/lexicon) & FEFHED L)L & 430)
SIAF CHE LB LML L — D D3 & kT
EHRZ DL, FERICHFRIFEOME =R/ X— D
ENELTWDEEZZDZENTED, DED,
INETHEREEXTELNBERERE &
WAETIELICLD, BBRICBITAEF XSS



TA AT RFEICRT DR H 50 25 O T miIALE

2B DOFF> [ ME voicelessness | 28 H & DO [E A D
FEMECIE7e<, BEERRICBIT 2T R LX—
DWFEIZ L > CHl & Z ShiFHIRE O 1k,
s UE TH4EE5E0 (postlexical)] (ZHE AL 7
Fibe UCHEIR 5 2 ENAfRE &L 72 5,

EE S S

INFETm L TERLEREDOMPUZESE(DHITR
Licsafl & E Rz oird 2 &, Troh L7225 (i
MEOEREG L, FERIIFET D, b, REE L _HE
FORLICHLTIEERL T I RICEREEZN
720

(10) a. B8 hradi [ra:d] [fra:di/, hrdr [réur] [ravr/,
hring [rigk] /rmk/
b. @EH - &

(i) harpa [hdrpa] /harpa/, svart [svdrt] /svart/,

bjork [bicerk] /bicerk/
(ii) mars [mérs] /mars/, fersk [férsk] /fersk/,
porskur [05rskur] /Oorskur/

(iii) hdr [havr] /havr/, hrdr [réur] [ravr/

5 fERE

b, AT, 74 A7 2 REICBIT DS
W52 ZBEOEHmMINMEMTIZE LT, 1T
WIE ORI MGE R U C, EFME OfifIRE %
T,

AR BT Dk & fmm 2 ZAIT D L LU T D@
N
(11) a. FeATHIZE & 2 D RIEEA:

) FEEH (REEICEEETT256) ILB81F5
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A Study on Sustainable and Increase or Decrease of the Positive
Image of the Developmental Disorder

Hironobu KONNO™', Jun MAEDA™

(Ffa=ftB  “ERk 2746 H 26 H

MO ERR S PR 284E2 H 2 H)

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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