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Many countries tightly manage and monitor various radiological sources and facilities, yet
some serious radiological disasters still occurred in recent decades. In order to reach effective
relief work on radiological disaster sites, numerous information techniques have become pop-
ular, 4. e. global positioning system, geographical information system, computer simulation,
and three-dimensional graphics. However, this study recognizes insufficient information ser-
vice in global positioning system and geographical information system and inconvenient in-
formation operation in computer simulation and three-dimensional graphics. Therefore, this
study adopts augmented-reality and mobile three-dimensional graphics techniques to con-
struct a mobile relief work system. This system helps relief workers to comprehend the spatial
relationship among their localities, the targeted constructions, and the anticipated shelters.
Based on the testing results regarding escaping victims, through the mobile relief work sys-
tem in contrast to a Google maps-based system, relief workers more easily arrive at the tar-
geted constructions, and more rapidly seek the anticipated shelters. In sum, this study is use-
ful for similar applications in disaster management.
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global positioning system, radiological disaster, three-dimensional graphic

INTRODUCTION

In the past, protecting radiological sources and
facilities was an important priority worldwide. Yet,
several radiological accidents still happened, and be-
came unfortunate disasters. For example, an explosion
caused the Chernobyl nuclear power plant accident in
Ukraine in 1986 and an earthquake triggered the
Fukushima Daiichi nuclear power plant accident in Ja-
panin2011. The International Nuclear and Radiologi-
cal Event Scale [1] shows that these two radiological
disasters reached the worst condition and that many
countries and civilians were exposed to the wide-
spread radiological materials. The ecological environ-
ment was contaminated and there were economic
losses of tens of billions of dollars.

In order to decrease the impact of radiological di-
sasters, disaster management has become important.
Many researchers [2-4] point out that the use of infor-
mation technology is a good solution to lessen the like-
lihood of radiological disasters, provide emergency as-
sistance during radiological disasters, and return
radiological disaster sites to their original status. There-
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fore, numerous information systems have been con-
structed to effectively manage and monitor radiological
activities, such as RODOS in the European Commu-
nity, SPEEDI in Japan, and AtomCARE in Korea [5]. If
radiological disasters occur, these information systems
quickly offer disaster information to government agen-
cies and disaster managers [2, 6].

Moreover, regardless of whether radiological di-
sasters are caused by natural or human-made events, a
speedy disaster response is necessary. For such re-
sponse, several information techniques have become
popular, i. e. global positioning system (GPS), geo-
graphical information system (GIS), computer simula-
tion, and three-dimensional (3-D) graphics [2]. Owing
to the information techniques, disaster managers al-
though in response centers, accurately comprehend
the progress of disaster response in real time. How-
ever, relief workers have difficulty applying the same
information techniques on disaster sites. Such a situa-
tion influences the cooperation between disaster man-
agers and relief workers. Therefore, this study focuses
on the recognized problems that hinder relief workers
from relief work, especially for escaping victims and
inspecting radiological dose.
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In the remaining parts of this article we present lit-
erature review of the common information techniques
used in radiological disasters, we study problems that
affect relief work on disaster sites and propose an ap-
proach, implementation and testing. After that we pres-
ent a number of discussions and summarize the find-
ings. Overall, this study is a helpful reference for similar
applications in disaster management.

LITERATURE REVIEW

Many information techniques help relief work
associated with radiological disasters, as GPS, GIS,
computer simulation, and 3-D graphics.

GPS and GIS

For many disasters, relief work is most effective
in the first 48 hours [3, 7, 8]. When disaster managers
completely understand the correlated information re-
garding radiological disaster sites and the affected areas
(e. g., population, shelters, hospitals, spatial locations),
they are able to rapidly draft response strategies (e. g.,
allocating first-aid resources and establishing tempo-
rary medical centers). In contrast to either textual or nu-
merical information descriptions, displaying the antici-
pated information through a clear method enhances
relief work [6, 9]. The integration of GPS and GIS
meets such a requirement, since GPS identifies the ac-
curate localities of radiological disasters and GIS pro-
vides a wide range of information acquisition [4].

A number of studies reported the effectiveness
when using GPS and GIS in radiological disasters. For
example, Battista [10] showed a GIS-based model that
was useful to assess the health and environmental risks
resulting from the Chernobyl accident. In order to as-
sist disaster managers against radiological disasters,
Hanetal. [11] established a near range model to evalu-
ate radiological dose and presented the results on GIS.
Mabit and Bernard [ 12] highlighted the potential when
integrating geostatistics and variography to establish
and map the pattern of '*’Cs redistribution. The Insti-
tute for Information Design Japan [13] constructed a
Web- and GIS-based information system (i. e., Japan
Radiation Map) to provide consistent and comprehen-
sive information representation regarding radiological
measurements.

Computer simulation
and 3-D graphics

Depending on distance and time, the distributions
of radiological dose on disaster sites are different. For
example, tripling the distance from the radiological
source reduces the dose rate to one ninth [14]. Disaster
managers could assess the on-site radiological situation
via monitoring data, and make emergency health pro-

tection decisions. When the monitoring data is sparse or
the measured quantity is inappropriate, using computer
simulation (e. g., model predictions and statistical anal-
ysis) is an alternative to improve the understanding of
the limited monitoring results [15-17]. Moreover, in or-
der to assist disaster managers to comprehend the ob-
tained disaster information, visualizing analysis results
through 3-D graphics have frequently been used, such
as hue and saturation of color, alterations in focus and
resolution, broken lines, sharpness of pattern, and over-
laying geometries [18].

Some examples are as follows: In the early phase
of an accidental release of radioactivity to atmosphere,
Haywood [4] proposed an approach to assess the impre-
cision associated with radiological dose and emergency
countermeasure predictions. Na et al. [19] adopted arti-
ficial neural network-based algorithms to analyze the
major severe nuclear power plant accidents, and con-
cluded there were two main causes (i. e., inappropriate
power plant operators and inactive power plant safety).
Based on a radioecological software package, Velasco
et al., [20] explored the behavior of radionuclides in
semi-natural environments and assessed the conse-
quences of exposure for the population. De Almeida
Silva et al., [21] used agent-based systems to simulate
radiological accidents, and to evaluate the conse-
quences of accident contaminations.

STUDY PROBLEMS

Based on the literature review, fig. 1 illustrates
the co-operation between disaster managers and relief
workers during radiological disasters. While aiming at
disaster sites via GPS, disaster managers use GIS to in-
vestigate necessary information, execute computer
simulation to evaluate radiological dose, and apply
3-D graphics to show the analysis results. In the mean-
time, relief workers prepare relief work and move to
disaster sites. Since relief workers deploy to various
affected areas and relay the collected disaster informa-
tion, disaster managers comprehend the status regard-
ing relief work.

However, this study recognizes two main prob-
lems.
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Figure 1. Co-operation between disaster managers and
relief workers
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Insufficient information
service in GPS and GIS

In order to successfully arrive at disaster sites,
relief workers benefit from the integration of geo-
graphical information, electronic maps, and mobile
devices [2]. For example, when relief workers attempt
to understand the pathways from their locations to di-
saster sites, they could immediately obtain assistance
through route planning in Google maps. However, be-
cause of some causes (e. g., bad visibility at night, am-
biguous geographical information in developing
countries), relief workers still spend much time look-
ing for the correct pathways [3]. For instance, if radio-
logical disasters associate with nature disasters (e. g.,
earthquakes and tsunamis), the appearance in the real
world may differ from the obtained geographical in-
formation.

Moreover, some GIS-based applications merely
show 2-D/3-D objects instead of the details (e. g.,
floor-plan and structural designing drawings); and
some GPS-based applications work well only in out-
door environments [22]. Therefore, when relief work-
ers evacuate victims from some constructions (e. g.,
multistory buildings and large-area constructions),
they have difficulty in identifying the indoor shelters.
In other words, although relief workers successfully
arrive at a targeted construction on a disaster site, they
still waste time seeking the shelters and victims. For
example, if a school has three underground shelters,
relief workers cannot easily understand the correct lo-
cations of the shelters through Google maps and GPS.
Obviously, insufficient information service for relief
workers needs improvement.

Inconvenient information
operation in computer simulation
and 3-D graphics

Radiological materials would be adsorbed onto
construction components (e. g., roofs, windows,
walls). The semi-collapsed construction components
also provide crevices for the permeation of
radionuclides [23]. Disaster managers may ask relief
workers to validate the assessment of radiological
dose, particularly in densely-populated cities. Re-
cently, various monitoring sensors (e. g., seismome-
ters and surveillance facilities) were installed in many
constructions. Through the integration of the monitor-
ing sensors and computer-aided-design (CAD)-based
applications, disaster managers can comprehend the
extent of damage for constructions, since the detected
damage is displayed on structural design drawings.

However, relief workers cannot move rapidly to
the specified spots to inspect the radiological dose.
Since many CAD-based applications are designed for
computers and laptops [24], relief workers either have

no devices to access structural design drawings, or
may be unfamiliar with the CAD-based applications.
As aresult, relief workers need to wait for inspection
guidance from disaster managers. For example, if ra-
diological sources are exposed to an open environ-
ment that is similar to the radiological disaster in
Goiania, Brazil, in 1987, the radiological dose injures
numerous people. For decontamination, disaster man-
agers have to inform relief workers of the inspection
spots by delivering the structural designing drawings
that are captured from the CAD-based applications. In
other words, relief workers meet inconvenient infor-
mation operation on disaster sites.

In sum, offering sufficient information service
and convenient information operation would
smoothen on-site relief work and enhance the cooper-
ation between disaster managers and relief workers.

APPROACH

For the recognized problems, this study pro-
poses an approach and constructs a mobile relief work
system that consists of two information techniques.
This system would work on mobile phones, since
power supply has always been a constraint on disaster
sites [25]. In contrast to computers and laptops, mobile
phones are convenient, slim, handy, and have
low-power consumption, since relief workers may
have brought numerous facilities for relief work. Re-
lief workers could easily capture, manipulate, analyze,
and access data on disaster sites. The two adopted in-
formation techniques include, augmented-reality and
mobile 3-D graphics.

Augmented-reality

Collecting information on the characteristics of
buildings and lifelines through full ground surveys
can be very costly and time-consuming [2]. In order to
offer clear information descriptions based on the loca-
tions of relief workers, augmented-reality (AR) is a
useful solution [26]. For an AR-based application in
this study, eq. 1 shows the algorithm and operational
philosophy

Result of AR =[D(F;,P;),0;(L,m,n...)] (1)

where P;is the current global position of the user (e. g.,
longitude and latitude), Pj—the correct global position
of atargeted construction, D(P;, P;) —the distance from
P;ito Pj, and Oy(/, m, n...) — the details of the construc-
tion (e. g., name, description, photo).

In fig. 2, if relief workers want to comprehend
nearby constructions (e. g., D(P;, P;) is 1 kilometer),
they use the GPS embedded in their mobile phones to
determinate their locations (i. e., P;). After receiving
the positioning information, the AR-based application
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Figure 2. Operational philosophy of AR

identifies the targeted constructions (i. e., P}), acquires
the correlated information from databases . e., Oj(l, m,
n...), and generates various visual images. The
AR-based application then captures the peripheral im-
ages through the cameras embedded in the mobile
phones. When the AR-based application overlaps the
generated images and the captured images, the relief
workers understand the spatial relationship between
their locations and the nearby constructions, even at
night or in poor weather. Insufficient information ser-
vice would obtain supplements.

Mobile 3-D graphics

In order to offer a realistic way of visualizing the
real world, along with the potential for direct user inter-
action and engagement, the application of mobile 3-D
graphics is appropriate [27-29]. Due to the rapid devel-
opment of hardware and software for mobile phones,
various constraints on mobile 3-D graphics (e. g., data
processing units and programming standards) are im-
proved [30]. Unlike numerous fields (e. g., urban man-
agement and product manufacturing), a few mobile
3-D-graphics-based applications are used in radiologi-
cal disasters. When the mobile relief work system sup-
ports the mobile 3-D graphics, relief workers would
have many opportunities to execute computer simula-
tion and 3-D graphics during relief work on disaster
sites.
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Ifrelief workers enter constructions, eq. 2 shows
that the mobile relief work system can transfer
CAD-based structural design drawings into 3-D
graphics objects.

Result of a 3-D graphics object =
= [O(vertex, element, render)]

)

where O; is a 3-D graphics object for a targeted con-
struction, vertex, element, and render are the parame-
ters for O, vertex involves geometry, texture, rotation,
and degree data, element includes point, line, curve,
and surface data, and render indicates bevel, color, ma-
terial, and shadow data. More importantly, in order to
avoid that GPS may not work well at indoor environ-
ments, based on accelerometer sensors embedded in
mobile phones, the mobile relief work system can au-
tomatically rotate 3-D graphics objects (eq. 3) while
relief workers are moving. Such integration can appro-
priately display the indoor layouts of various construc-
tions.

Rotation of a 3-D graphics object = [O'; (angle)] (3)

where O'; is arotated 3-D graphics object, and angle —
the orientation difference between the north in the
Earth and the targeted construction. Therefore, relief
workers effectively access and operate 3-D graphics
objects through the gesture and the touch-enabled
screens embedded in mobile phones [31]. Inconve-
nient information operation would be improved.

IMPLEMENTATION

When relief workers use the mobile relief work
system, the system framework (fig. 3) shows that
the information flowchart between disaster sites and
response centers includes two information activities
(i. e., information access and information manage-
ment). In the meantime, information communication
connects the two information activities. Since the mo-
bile relief work system works on the Google An-
droid-based platform and the remote servers are the

Information management through remote servers
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Microsoft Windows Server and SQL Server, with the
necessary system components, this study uses the
Google Android development toolkits (e. g., design-
ing user interfaces, coding global positioning mod-
ules, and configuring information representation via
Java programming language) [32] and Microsoft
ASPNET toolkits (e. g., compiling communication
protocols, analyzing data attributes, and synchroniz-
ing multiple databases via Visual C#.NET program-
ming language) [33].

For information access, fig. 3 indicates that the
mobile relief work system presents the specified geo-
graphical information on a Google maps-based user in-
terface, and offers two system functions (i. e.,
AR-based outdoor illustrator and mobile 3-D-graphics
indoor illustrator). During relief work on disaster sites,
fig. 4 shows that the AR-based outdoor illustrator as-
sists relief workers to arrive at the targeted construc-
tions. For instance, relief workers would move to a
10-floor building. After identifying the current global
position, the AR-based outdoor illustrator displays the
distance, pathway and direction from the location to the
targeted construction (fig. 4). Based on the guidance,
relief workers could arrive at the 10-floor building.
Since the information representation is combined with
the periphery images, the relief workers may not be
confused by the nearby environment.

Moreover, when relief workers arrive at the tar-
geted constructions, fig. 5 shows that the mobile
3-D-graphics indoor illustrator helps to find the shel-
ters where victims exist or the inspection spots where
radiological dose reaches the state of alert. For exam-
ple, in a hospital (fig. 5), the mobile 3-D-graphics in-
door illustrator presents the structural design draw-
ings and introduces various floors. If relief workers

—y -

Targeted
construction

Geographical
information

Figure 4. Screenshot for AR-based outdoor illustrator
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Mobile relief work system Mobile relief work system

Shelters

Il

Elements Floor-plan Description

Figure 5. Screenshot for mobile 3-D-graphics
indoor illustrator

select a floor, they could zoom-in/out the floor-plan
drawing to confirm the pathway from their locations
to the anticipated places. By considering that fre-
quent information communication may overload
with the mobile relief work system, this study em-
beds a mobile database (i. e., SQLite-based database)
to store temporary data.

Because of the rapid changes on disaster sites,
the remote servers transfer various data to the mobile
relief work system, including spatial, numerical, im-
agery, and textual data. Therefore, information man-
agement would rely on the remote servers. For exam-
ple, in the remote databases, this study saves spatial
data that identifies the global position of numerous
constructions, 3-D graphics objects that display the
structural design and floor-plan drawings of the con-
structions, and textual information descriptions that
explain the pathways from the constructions to the
shelters. Relief workers could correctly evacuate vic-
tims when utilizing the spatial data, imagery data, and
textual data from the remote servers.

In order to ensure that the required data could
be exchanged among a number of information sys-
tems and monitoring sensors, the remote servers
support some information standards. These stan-
dards involve the GeoAPI for manipulating geo-
graphical information based on the international
standards, the web processing service (WPS) for
standardizing geospatial processing services, the
keyhole markup language (KML) for expressing
geographical annotations and visualization, and the
OpenGL ES for displaying 3-D graphics on mobile
phones [34, 35].

TESTING

Six relief workers, who were classified into two
groups, participated in this study. For the two groups,
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the identical mobile phones (i. e., HTC Sensation XE)
were used in the tests. The operation system of HTC
Sensation XE was Google Android Version 4.0. Also,
because of the embedded graphic processing unit, and
global positioning and accelerometer sensors, the mo-
bile relief work system worked well on this mobile
phone. During a simulated scenario, the radiological
disaster was defined as a serious accident —namely, ra-
diological materials were widely spread in the atmo-
sphere and some civilians were dead. The relief work-
ers needed to evacuate victims from three
constructions, including a hospital, a school, and a
10-floor building. The shelters were in different loca-
tions of the three constructions. The shelter of the hos-
pital existed on the south side of the second under-
ground floor; that of the school was in the north-side of
the first underground floor; and that of the 10-floor
building was located on the east side of the sixth floor.

The operational information systems for relief
work were Google maps-based system (fig. 6) and mo-
bile relief work system. Rather than the mobile relief
work system, the relief workers performed the tests
through route planning in Google maps. In order to un-
derstand the difference when relief work was pro-
cessed during different periods, this study performed
the tests in daytime and at night, and measured the us-
ing time based on two stages. In one stage (Outdoor),
the relief workers moved from a specified location to
the targeted constructions; the other (Indoor) was from
when the relief workers arrived at the constructions
until they successfully found the shelters.

Table 1 shows that the two groups completed the
tests. According to the testing results, for the Google
Maps-based system in daytime, relief workers spent
25,31, and 29 minutes in arriving at each of the three
constructions. When entering the constructions, the
relief workers needed 12, 18, and 17 minutes, respec-
tively, to find the shelters. In the same tests at night, al-
though the relief workers spent more time (31, 38, and
33 minutes) to arrive at the constructions, the time
needed to seek the shelters was less 9, 14, and 17 min-
utes, respectively. Regarding the mobile relief work
system in daytime, the relief workers used 19, 24, and

Table 1. Testing results

Route
planning

Figure 6. Screenshot for Google maps-based system

21 minutes when arriving at the constructions, and re-
quired 7, 16, and 14 minutes, respectively, when
seeking the shelters. At night, the relief workers also
needed more time (24, 28, and 23 minutes) to move to
the constructions, and spent less time (6, 12, and 14
minutes) looking for the shelters.

By comparing the two systems, this study recog-
nized that three variables affected the testing results —
testing environment, testing period, and experience.
For the testing environment, the relief workers spent
more time in the outdoor environment regardless
whether daytime or night, since the distances from the
outdoor locations to the constructions were longer
than those from the constructions to the shelters. Also,
when the relief workers sought the shelters, the floor
areas of the constructions affected the using time. For

Google maps-based system Mobile relief work system
Mobile phone HTC sensation XE HTC sensation XE
Period Daytime Night Daytime Night
Completing tests Yes Yes Yes Yes
Using time [min] Using time [min]

Constructions (shelters) | Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor

A hospital
(2™ underground floor) 25 12 31 9 19 7 24 6

A school
(1* underground floor) 31 18 38 14 24 16 28 12

A 10-floor building
(6" floor) 29 17 33 17 21 14 23 14
Average 28.3 15.7 34 13.3 21.3 12.3 25 10.7
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example, the area of the school was wider than that of
the hospital and the 10-floor building, so the relief
workers spent more time completing the test.

When the testing period was considered, the re-
lief workers needed more time at night than in day-
time. However, the testing period merely influenced
the outdoor testing environment. In other words, the
relief workers used more time during the outdoor tests
at night because they had bad visibility. Furthermore,
the experience decreased the using time for relief work
in the indoor environment. Since the tests at night were
the second testing, the relief workers might finish the
tests based on their previous memories. Therefore, fre-
quent training of relief workers is important for relief
work. In average, the efficiency of the mobile relief
work system was better than that of the Google
maps-based system.

DISCUSSION

After the testing, this study discussed the advan-
tages and limitations of the mobile relief work system,
including the on-site information requirements and the
mobility for relief work.

Fulfilling the on-site
information requirements

This study integrates various information tech-
niques and standards in the proposed approach. Relief
workers could use the mobile relief work system to ac-
cess the necessary on-site information in real time.
When relief workers more clearly understand disaster
information, they may more easily resolve numerous
unexpected conditions on disaster sites. For example,
relief workers could comprehend the spatial relation-
ship among their locations, the targeted constructions,
and the anticipated shelters. Therefore, relief workers
can focus on evacuating victims and assessing radio-
logical dose instead of information operation.

Although the databases involved in the proposed
approach have stored a great quantity of data for relief
work, it is difficult to predict when and where a radio-
logical disaster may occur. Continuously maintaining
the databases, particularly the data regarding radiolog-
ical facilities and the nearby areas, helps to provide ac-
curate information if a radiological disaster occurs.
Moreover, because of some causes (e. g., on-site sta-
tus, government policies), the mobile 3-D-graphics in-
door illustrator offered limited information regarding
various constructions. For example, the mobile relief
work system did not support any radioactivity detec-
tors. If radiological dose distributes unevenly at a di-
saster site, it may be unsafe that relief workers rashly
rescue victims, who have no protection facilities,
through any pathway unauthorized by government

agencies. Overcoming the aforementioned limitation
(e. g., connecting to radioactivity detectors, optimiz-
ing routes) is necessary to increase the effectiveness of
the mobile relief work system.

Ensuring the mobility
for relief work

In contrast to disaster managers who are in re-
sponse centers, the mobility is more important for re-
lief workers who are on disaster sites. Since disaster
managers need relief workers to report the latest disas-
ter information on the go, this study enables relief
workers to perform information access and communi-
cation through mobile phones. Accompanying the
mobile relief work system, the co-operation between
disaster managers and relief workers is seamless. For
example, when relief workers move to specified con-
structions, they may collect disaster information and
relay the collected information synchronously. Based
on the received information from various relief work-
ers, disaster managers could make appropriate deci-
sions for relief work.

However, during radiological disasters, mobile
phones may fail or be out of service in extreme situa-
tions. For example, in order to disrupt the channels for
information communication, terrorists may attack nu-
merous base stations. Moreover, since the adopted AR
technique requires the cameras embedded in mobile
phones, power consumption would increase. The two
known limitations may reduce the mobility of the mo-
bile relief work system. Since this study tended to ex-
plore the potential when applying AR and mobile 3-D
graphics techniques for radiological disasters, the us-
ability of the mobile relief work system still needs var-
ious experiments. Proposing the correlated ap-
proaches for the two limitations is an important issue
for this study.

CONCLUSIONS

Respecting the fact that several radiological di-
sasters have occurred, many countries spend various
resources on managing radiological sources and facili-
ties, such as establishing monitoring equipment and
developing radiological information management
systems. Accidents caused by natural and hu-
man-made events cannot be completely prevented,
and radiological disasters may still occur suddenly.
During radiological disasters, effective relief work
abridges the losses. However, although numerous in-
formation techniques are available in relief work, this
study recognizes insufficient information service in
GPS and GIS and inconvenient information operation
in computer simulation and 3-D graphics.

For the two problems, this study applies AR and
mobile 3-D graphics techniques to construct a mobile
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relief work system. Based on the testing results, the
mobile relief work system offers information repre-
sentation more clearly, in contrast to a Google
maps-based system. Through the proposed approach,
relief workers easily arrive at the targeted construc-
tions, and rapidly seek for the shelters. This study not
only enhances the efficiency of relief work on disaster
sites, but also presents a useful reference for disaster
management. For future research, in addition to im-
proving the limitations described in the discussion, in-
troducing the mobile relief work system in various di-
saster training courses would assist relief workers to
enrich their experiences regarding relief work.
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Munr-Kyan IIAU, Hue-hua JAY

KOPUIIKREILE BUPTYEJIHE CTBAPHOCTU M1 MOBMJIHUX
3-D TPAONYKUNX TEXHUKA Y PA1Y HA OBHABJ/bABY
JOKAIIMJA PATUOOMKUX KATACTPODA

MHore ppxaBe 6aBe ce CTPOTMM yINPaB/balkEM U HAAINIEAAeM Pa3INIUTUX PAJUONIONIKUX
M3BOpa U OCTPOjeHha, T1a UIaK, Y MOCIeHIM JIeIIeHAjaMa | lajbe Cy ce IelaBaje 030nbHe paiuoIIoNIKe
kartactpode. Kako Om ce mocTurio [esoTBOpHHMje OOHAaB/bak€ HAa MECTHMa akIiujeHaTta, OpojHe
nH(pOpPMAIMOHEe TEXHUKE YBEIUKO Ce KOpHCTe: cucteM riodanHor no3unuonnpama (I'TIC), reorpadcku
ungopmaumonu cucreM (I'MC), kommjyrepcka cumyinanuja u 3-D rpacuka. Y oBoM pajy ykaszaHo je Ha
HepoBosbHOCTH I'TIC u I'MC nnopmannoHux cepBuca U HEIIOTOAHOCTY Y pauyHapCKUM CUMYyJlalidjaMa u
3-D rpacdunm. Crora cy y oBOM NpoydaBamy YCBOjeHE TE€XHWKE BUPTYEIHE peasHoCTH u Mobwmirae 3-D
rpacduke 3a M3rpajikby MOOWIHOT cucTeMa OOHaBibarba. CHCTEM IOMake pajHuIuMa Ha mcrmomohn ja
caBJajiajy IpoCcTOpHE OHOCce n3Meby Jokanuja, HuibaHux odjekaTa M XKeJbeHuX CKIIoHuITa. Ha ocHOBY
pe3yiTaTa TECTOBa KOju ce THIy YMHUIamka XpTaBa, TOMohy OBOT MOOWITHOT CHCTEMa, HACYIIPOT CUCTEMY
3aCHOBaHOM Ha Malpamy npeko ['yrira, pagHuiy Koju ce 6aBe caHaIfjoM MOTY JIaKIle CTHhY A0 [UIbaHUX
o6jekara n Opxke Hahu KesbeHa ckionuiTa. Haj3am, OBo mpoyvaBame je KOPUCHO U y CITMIHUAM IPUMEHaMa
y YIOpaBibamby aKIUACHTIMA.

Kmwyune peuu: supitiyeana peaiHocill, Yipasmarbe akyuOeHiiumad, 2e0Zpapcki UHGOPMAUUOHU CUCTTLEM,
cucitiem 2400a4H0Z HOSUYUOHUPAFLA, PaOUoAoWKa Kailactupoda, 3-D Zpaguxa



