Development of the Graphical User Interface of the Supporting System
for the Slope Stability Evaluation and Improving Its Usability
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Abstract  For better supporting to evauate the hazardous areaaffected by the dopefailures and landdides, we have been tackled
to condruct the supporting sysem(termed SSE-Win) for the dope gability evduaion with the usarfriendly Graphicd User
Interface(GUI) basad on the window system. In the SSE-Win, the geogrgphical information and satdllite remote senang data
were usad to produce the dope stability evauation mgps. In the generd design of the GUI, the functions corresponding to the
operaing procedure in the SSE-Win were investigated. As the next stage of the detall design of the GUI, we designed the
link-relation between the Screens aswl asthe contentsin each screen. The standardized procedure on the GUI design provided
in this study might be contribute not only to the reduction of the entire term on the system development, but dso toimprovethe
efidency of the sysem life-cydein modifying and adding the further functions.
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1. Introduction

In order to estimate hazardous areas on dopein awider
range areg, the authors have built a mode to produce a
dope gahility evaluaion map based on the integrating
geographica information such as on surface, geologicd,
and soil, together with satellite remote sensing data, and
have shown its effectiveness. This is s0 cdled SSE
modd (SSE modd: Slope Stability Evduaion Modd
using satdlite data and geographicad information).  The
SSE modd has been prepared to run on both UNIX and
MS-DOS environment, and many gpplication cases have
been accumulated. However, it was recently
necessitated to run it on a mobile system in WINDOWS
environment, which has become popular in recent severa
years.

The SSE modd is based on multivariate andyss of
which key theory is quantification method. There are
many issues yet to be discussed in building the interface,
which governs the sysem performance, in order to
operate the modd under the new systemn, such asto sdect
training data which is considered as judgement criteria, or
to control causd factors or files rdding to the dope
Sability evaluation map.

After reexamining carefully a series of procedures in
the SSE modd, the authors have darted design and
development of adope stability evauation support system
(called SSE-Win, hereingfter) which could be operated
under the Graphicd User Inteface (GUI) having
enhanced  operahility. During the new sysem
development process, it is necessary to design a GUI
which is compatible with the processng based on the SSE
model. Thisstudy proposes asimple design method to
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enhance the efficiency in developing such apecific GUI,
and discussss on its effectiveness.

2. Purpose of the Research
The objectives of thisstudy are asfollows:

To point out problems in designing GUI for various
goecific sydem used in civil engineering, and to
propose asmple design method of GUI, which enables
to reflect specidids opinion effectively for the sysem
development.

To sudy designing within a screen corresponding to
each function of the SSE modd and link relaionship
among screens (screen trangtion design), and to build
into adope sability evauation system.

To design a GUI having flexibility and expandability
to incorporate addition and revison of functions, andto
enhance efficiency of thelife cycle asawhole system.

3. Features of This Research
3.1 Location of GUI Design in This Research
In condruction industry, engineers are involved in

various routine works and thus they are not using pecific
processng sysems 0 frequency as they uses word
processors or Joreadshet programs. For example, usars
of various image processng and andyss sysem as well
as thoe of GIS gpplication software available in the
market, understand process and andyss a the time of
system inddlation, and they learn operation asthey useit.
However, after someinterva of not using the system, they
frequently experience inconvenience of reviewing the
manud again.  Thisis attributed to improper sructure of
the GUI which was not so build that a series of process
and anaysisflow was easy to betraced .

When developing such a highly specidized system in a
technologicd field, it is indispensable, as shown in Fig.1,
to advance stepwise from the design stage of awhole
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systemto the detail design stage after modeling a series of
process flow in an andyss modd obtained from the
fundamentd research and goplication research. Therefore
in this research, GUI design will be dudied by the
following two mgor parts.

GUI design under standard WINDOWS system

GUI design as specific program system

In early ressarches with regard to GUI design, their
mgor objectives of study were design methodologies of
the interface, such as man-machine interface, i.e. how to
point or operate i-cons on the screen or the screen itsdlf
withamouse or atablet.  This study focuses not on these
kind of GUI desgn under slandard WINDOWS system,
but on a specific GUI design as dope stahility evauation
support system, from a viewpoint of the compatibility
with target process and andysis method.

In practice, as shown in Fig.2, GUI design process
problems in the specific GUI design process will become
clearer, and lead to design and development of aGUI with
enhanced operability.  Induding the location of the GUI
design in a specific system development, those problems
can be pointed out to be not yet cleared.

3.2 Features of This Research

Feeatures of thisresearch is summarized into the
isdivided into two Sages whole system design and detall
desgn. The whole sysem design takes care of screen
trangtion design, and the detail design takes care of design
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within a screen.  In this approach, it is expected that
following two points.

(1) Development of GUI in the SSE Model

The SSE modd originaly contains specific process and

andyss function needed for making a dope dability
evaluation map. Examples are designation of the
hazardous area which will be the criteria for sdlection and
judgement of causd factors and vaious andyss
functions based on quartification method type I, and
mini-max second group discriminant method.  In order
to execute these functionsin a GI S gpplication software or
image processing andysis sysem available in the market,
it is necessary to creste anumber of intermediate files, and
to process and manage dl these files troublesomely,
including their input and output operations. To solve
these problems, a GUI with enhanced operability is
desdgned and deveoped in this research for essy
execution of aseries of processin the SSE modd.

(2) Efficiency Improvement of System Life Cycle
Aiming for effidency improvement of life cyde in
sydem development and utilization, many researches
have been conducted on GUI design methods under
gandard WINDOWS system, and on design supporting
tools  In eddition, there are some researches on GUI
design issues for GUI design support system itsdlf.
When a highly advanced technology is required in a
system deve opment, its designer and developer are rarely
thesame. Thiswill leadsto the reason why researches
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relating to the GUI design supporting tools have been
tried to improve efficienciesin communication and design
work between designers and deveopers. However in
redity, many caseswere found difficult duetoitstimeand
cog, that designers sophidticatedly use the GUI design
supporting tools by themsdves, and establish an ided
system development method such as designing
interactively with the developers.  As the contents of the
sysem ismore specidized, thiswill cause more problems.
For the systemization of the SSE modd studied in this
research, the same kind of Stuation gpplies.  Especidly,
in case the process flow and handling of the data are
highly complicated, it is not recommended to design and
develop dl the function to be equipped sysematicaly
fromthebeginning. It israther recommended to develop
only essentid functions, and dso to give flexibility with
which additiond functions are ableto beingdled after the
systemisin sarvice.

Congdering the above points, this research proposes a
design method of GUI which enables to incorporae
designer’sopinion eesily by asmple procedure.  In
practice, it shows the process function of the SSE model
and information regarding screen transition (event

information) on the sameflow chart smultaneoudy, and it
proposes how to write a design specification easy to be
undergood.  Without inddling any specia GUI design
method or design supporting tool, this design method
aufficiently works for design of a specific GUI, and it
contributes to improve efficiency in the life cyde of the
whole sysem incduding sysem devdopment and
utilization such as addition and revision of functions.

4. GUI Design and Development
4.1 Environment of the system Development
Assuming thet everybody can eesly operate the dope
dability evauation support system, system development
has been caried out based on a portable, persond
computer. OS used was WINDOWS 98, and
programming languege used was Visud Basic of
Enterprise Edition.

4.2 Design of GUI

(1) Whole System Design

Structure as a whole of the SSE modd is shown in
Fig3. Badcdly, it isamodd to meke a dope dability
evauation map, by using geographicd information and
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hazardous areato be used as criteria (termed training deta).

As detail of the SSE modd was published by literature
No.1 ~ No.3,, it is not mentioned in this paper.  Whole
sysem design of the GUI in this research conggts of the
following two steps.
a) Study on Function Structure

A series of process procedure of the SSE modd is
summarized as shown in Fig4. In addition, basic
requirement for the GUI necessary to achieve this process
on the system, was dudied. Table 1 shows main sudy
reults. Especidly, functions to meke data sets and
functions to sdect training data, require the GUI specific
to this system, and intensive sudy has been done at the
next step, i.e. detall design sage.
b) Screen Transition Design

There are ongoing researches on making a design
specification of GUI or its supporting sysem
development.  However, from reasonsthat description of
the design specification is very much detaled, and that
specifications are broken and aranged, new problems
such thet it becomes harder to underdand the whole
sructure of the GUI, are pointed out.

To respond for these problems, this research proposes

Tablel Items of GUI design

Function Requirement of GUI
Daasatsmaking Data sets management by JOB unit
and management Sdection samekind of causdl factor

Displaying Smplify Datasets sdection

geogrgphical infomations | Simplify causal factor cdlection

Trainingsample | Sdedtion of the hazardous areawith mouse
preparation Auto savetraining data
Making |  Sdectionof Sdlect causal factor
dope causd factors through the list-box
sability Automatic grouping causal factors
evaluation| Making dope Output sope sability evauationimage
map Sability Usetheresult by soreed sheet software
evauaionmap | Senstivity analysison the causal factors

ascreen flow chart asshown in Fig.5. It isto draw flow
chart based on the function structure as shown in Table 1.
Characteridtics of this flow chart can be summarized into
the following three points.

It conggts of 4 kinds of information, i.e. sandard
didogue box (WINDOWS sygem gandad GUI)
origind window (necessary functions. from specific GUI),
event (process flow), and input operation, and it is able to
be described by very smple symbols.

Without introducing any specid GUI design
supporting  tool, desgn and devdopment can be
efficiently caried out. Whole sysgem dructure of
GUI ,which desgner hes to trander correctly to the
deve oper, can be made clear.

Design soope by a sandard WINDOWS GUI and
by a geedfic GUI, has been dealy defined.
Accordingly, the desgner can concentrate on the specific
GUI design, and efficiency in GUI design is expected to
be enhanced.

(2) Detail Design
When a whole gructure of the screen flow chart is

findized, it continues to the design within a screen.
Actudly, it comes to the design work, such as how to
devdop a gandard WINDOWS GUI sygtem within a
soreen.  Information required for building a standard
GUI, will be shown on the screen.  For example, on the
flow chat shown in Fig5, & a frame of the screen
indicated as “Making Sope Stability Evauation Map”,
the following five functions are shown,

sdect training datafile

input file names of evauation map
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sdlect causd information to be used

execute

cancel
Theseitems from top to bottom, correspond to the process
flow in the SSE modd. In addition, it isindicated as an
event information that it can transfer from the location “
execute’, through the arrow mark, to the next process of
“Save/Andyze Evauation Map” screen. It isimportant in
the detall design step that the reldionship between the
necessary function and the event to be shown on the
screen must be checked carefully, and then written.

Although the flow chart shown in Fig.5 is drawn
according to a very dmple drawing rule, it heps to
understand the whole system, and aso to point out issues
to be discussed actualy when standard WINDOWS
system GUIs are installed in the process of screen
trangtion design.

5. Building Slope Stability Evaluation Support
System
5.1 Main Menu of the System

When executing the slope stability evaluation
upport sysem, a main menu as shown in Fig-6 is
presented.  The menu congsts of the following four
functions.

Making data sets

Displaying causd factor

Sope sahility evauation

Help

Users fird use “*  Making data sets’ in order to
trandform causd factors to be used for meking a dope
dability evauation map, into data sets.  Then, users can
look and check the information transformed into data sets
by “ Displaying causa factor”. After completion of
data st meking, usars can make a dope dability
evduationmgpby usng“  Sope gability evauation”
function.

5.2 Data Set Making and Management
In the SSE modd, when dope gability evduation is
executed as shown in Fig.7, it is necessary not only to
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make in advance various geogrgphicd information (causa
information), but to be able to manage those information
by job units.  Thusthe relationship between the data set
gructure and the process function will be an important
eement for designing ahighly operable GUI.

Data used in the dope dability evaduation support
sydem are, base mgp where contour lines are written,
training data, causd factors, datigicd andyss reaults,
graphic information such as dope gability evauation
maps, and figure information. Causd factors can be
eedly obtained through GIS goplications or image
processng andyss sysem avalable in the market,
however, when those are used for the dope dability
evauation, it causes some problems in their management
and operdtion. Then this research studied on the folder
gructure and the data management method in order to
manage those multiple information as a st of data st by
esch job.

Practicaly, by usng management files on which data
set management information iswritten, datasstsare
managed centralized by field units (equivaent to afolder
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in the sygem) in the sydem as shown in Fig.8.
Accordingly, it leads to design and development of the
gpecific GUI characterized by unique file access, such as
indication of causd factors which will be described Iater,
or sdlection of training data

As an example, Fig.9 shows a screen a which data st
management is carried out. By only pointing various
geographicd information made in advance in a certain
order with a mouse, data et is made easily by job units.
In subsequent operation, users can carry out dope gability
evauation without being interfered with troublesome file
management.  GUI designed and developed in this
research was characterized by those features mentioned
above.

5.3 Function Indicating Causal Information

This function is to show and confirm causd information
mede into data sts.  Users do not have to memorize
where causd daafileislocated. It isdesigned for users
to sdect with a mouse, the causd information areedy
written in adrop down list box as shown in Fig.10. The
data st management file shown in Fig.8 works not only
to manage daa sets, but adso to help in designing and
developing thiskind of GUI
5.4 Function Selecting Training Data

In the SSE modd, it is necessary to sdlect hazardous

pointswhich are consdered to be the criterion of “failure’



[ collapsed point

ext > (6)

) | Save training data (5 | Delete training data (D) | help & ‘

Fig.11 Selection of the training data

or “no-falure’, asthetraining data.  In the screen where
secting thetraining data, itisso designed  that sdlection
or cancdlation of the training data can be done by a
sample action of dicking the mouse on the map, as shown
in Fig1l. When sdection of the training data is
completed, dicking the push button indicated as“Next” in
the lower-right corner of the screen, will meke atraining
daafile. AsshowninFig.8, thetraining datafile will be
automaticaly saved into the corresponding job data set
folder.

In the SSE modd, there are two ways of setting training
data, named as “normative type’ and" hypothetica type’,
and those ae cdled normative type evauation, and
hypothetica type evaluation, repectively.

normative type evaluation
Sdecting apoint where dready dopeisfaled astraining
data, and making a dope sability evauaion map, and
andyzing it. Normdive type evdudtion is hdpful in
andyzing land characteridtics in the hazardous arees of
which trigger factors are different, eg. ranfdl or
eathquake.
hypothetical type evaluation
Based on knowledge of specidigts or locd resdents, a
point where dope has not been faled is sdected as
traning data By andyzing the difference between the
dope stability evauation map based on normative type
evauation and that based on hypotheticd type evaudtion,
potentialy hazardous areawill be found.

This process of setting training data requiring repetitive
trid studies can be done by very smple operation, which
is one of the features of the GUI designed and developed
inthisresearch.

After making the training data, the screen immediately
changesto selection of the causd factorswhich will be

Rokkou9802_1.4ra 'l
Rokkou9802 1.cau

Training data name

The =lope stability evaluation map @

Rokkoud902 _1.tra

W Yegzetation File name:

Rokkoud302 _1.sho vl

I 8ol File nane: foop 008902 2. sho
M Geolozy File name: |R0kk0u9992_1-h3’° :l'

WM Slope aspect File name:

|R0kk0u3302_l 1Bh 'l
|R0kk0u9902_1.kei vl

M Slope classificat ion

File name:
™ Land cover File name: [ﬁ
[ Wezetation index File name: | -l
i-‘78|0|:ne shape File name: W

W Elevation

|Rokk0u9902_l.hgt 'l
|R0kk0u9902_l.tan 'l

Cancel | Carry on I

File name:

Mially density File name:

help |

Fig.12 Selection of causal factors

described subsequently.

5.5 Function Selecting Causal Factors

Normative type evduation and hypothetica type
evauation that described previoudy, are based on the
differencein thetype of training data.  Whereasfor dope
gability evauation using the SSE modd, there sometimes
caried out such an analyssthat evauation maps are made
by teking various combination of causd factors, and
compared. Thisis cdled “Influence Andyss of Causa
Factors’ for the hazardous area evauation, and regarded
asanimportant eval uaion process.

In the system developed in this research, causd factors
to be used for dope dability evaduation can be fredy
chosen by marking check box, as shown in Fig.12.
Causd factor data files are stored in advance in the ligt
box. Causd factor files to be used for making dope
gahility evduation maps can be selected with a mouse
fromthefilelist.

Usars are relieved from troublesome file operation,
such as to memoarize or manage the sructure of various
file groups of which data st condds It is posshble to
make dope ability eva uation maps by combining causd
factors arbitrarily.

5.6 Making Slope Stability Evaluation Map

After dl input parameters sdlection were done, dlicking
the push button indicating “Execute” at lower screen as
shown in Fig.12 with a mouse, will immediately change
to the screen of making dope gtability evauaion maps.
Then quantification method type I and mini-max second
group discriminant method are executed interractively,
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Table2 Legend of the slope stability evaluation map

Training pixels Red Hazardous area
Blue Non-hazardous area

Evaluated pixels Green Hazardous area
White Non-hazardous area

and adope dtahility evauation map appears on the screen
as shown in Fig.13. Table 2 shows the legend for colors
of thisdope stuhility evauation map.

When dicking the push button at lower screen of the
Fig.13 indicating “ Graphic Presentation of Second Group
Discriminant Method’, results of the mini-max sscond
group discriminant method are presented as shown in
Fig.14. Didtinction between failure group and non-failure
group can be easily observed and andyzed a aglance.

5.7 Editing Evaluation Map and Statistical Analysis
Result

Filesfor the dope sability evauation map or Setigticd
andyss results previoudy mentioned, are saved in
dandard file forms used in the WINDOWS 98
environment, into adata set folder for corresponding job.
These evduation results are able to be processad by users
with word processors or gpreadsheet programs, for
making reports.

Asexplaned above, by using this system, dope
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Fig.14 Results of the mini-max second group
discriminant method

dability evauation map can be made or andyzed. with
easy opeaion. The GUI devised in this research
contributes in many agpects for improvement of the

system operability.

6. Conclusions
(1) Achievement of the Research and Development

Contents of this research will be summarized into the
following three points.

Study on the Philosophy of the GUI Design.

Research trends with regard to the design of GUI, a
system with which cdculation and andyds of highly
technicd and specidized fidd in condruction indudtries
were durveyed, and importance in dudying the
methodology of the design and the development of the
specific GUI was pointed out.

Proposal of Simplified GUI Design Method

Two objectives were presented (Fig.2); oneisto design
a specific GUI which is required for the system aimed to
be developed, and the cther is to design a standard GUI
for WINDOWS sysem. A smplified screen flow chart
(Fig.5) which will support designing of the former, a
gpecific GUI, was presented.  This screen flow chart
condds of amplified symbols and the designer can be
concentrated on the design of the specific GUI during the
process of detailing the flow chart.

Building Slope Stability Evaluation Support

System

Process procedure and dructure of functions of the
dope dability evduation modd were made dear, and
design within a screen corresponding to each function,
and link relaionship (screen trangtion design) were aso
congidered, and dope gability evauation support system



was built. GUI having flexibility and expandability to
incorporate addition or revision of functions was designed
and efficiency in the life cyde of the whole sysem was
improved.
(2) Future Issues
In this research, systemization of the SSE modd based
on agtandard WINDOWS system GUI wasamed a fird,
and effort have been made to design and development of
indispensable process function.  Asit is planned to pick
up any problem if occurred in sarvice, and to try to make
improvements continuoudy on GUI, we undergtand that
the following three points are consdered to be issues for
thefuture.
Expansion of Function in SSE
The SSE modd has an andysis menu of data structure
andysis among causa factors based on the quantification
method type I, and has various andys's functions such
asdifferentid image andysswhich extracts the difference
among the dope dability evduaion maps made under
vaiousconditions. These andysis functionswhich have
not been developed, are better to be added.
Addition of Slope Stability Evaluation Model
Other than SSE Model
The authors are carrying out studies on comparison of
the solutions obtained by other dope stability evauation
mode s based on probahility theory (Basian modd, Fuzzy
st modd, Certainly factor modd), in addition to the SSE
modd, and aso on how to goply solutions obtained by
multiple dope dability evduation modds.  In order to
develop these studies further, dope dability evaduaion
modéls other than the SSE mode shdl be equipped with
the system developed in this research.
Arranging Data Resource Management Function
In this research, there is no reference to how to process
direct information such as photographs or officid record
books obtained through ste invedtigaion. Study on
management of various information resources relating to
the dope dability evauation, such as causa factors,
training data, dope dtahility evduaion map, and direct
informetion obtained & gte, has to continue. It is
necessary to build a totd and centraized system which
can manage and utilize these informetion by geographicd
regiond unit.

7. Closing Remarks

As functions of sysem development tools become
more sophidticated, efficiency in sysem development is
being improved. However, atention must be paid to that
introduction of a new method for design or developmert,
or of development supporting tool, does not necessaily
leed to the system development convenient for the users.

No metter how media, software, or development/design
supporting tools evolve to be of higher performance, it is
congidered essentid to go back again to the origind point
of system design, and to promote the development of
gecific GUIs through the careful “gpplication work
andyss’.

Not only for the dope dtability evauation supporting
system introduced in this research, evauation of various
gecidized sydem in the condruction indudtries is
sgnificantly dependent on the design concept of the
specific GUI as shown in Fig.2. It is aso expected that
OS environment will change in many ways. It will be
gppreciated if this study gpproach contribute somehow to
design and development of a specific system tilizing
WINDOWS standard GUI.
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