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Enhanced FFD-AABB Collision Algorithm for
Deformable Objects
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Abstract—Unlike FEM (Finite Element Method), which provides an accurate deformation
of soft objects, FFD (Free Form Deformation) based methods have been widely used for
a quick and responsive representation of deformable objects in real-time applications
such as computer games, animations, or simulations. The FFD-AABB (Free Form
Deformation Axis Aligned Bounding Box) algorithm was also suggested to address the
collision handling problems between deformable objects at an interactive rate. This paper
proposes an enhanced FFD-AABB algorithm to improve the frame rate of simulation by
adding the bounding sphere based collision test between 3D deformable objects. We
provide a comparative analysis with previous methods and the result of proposed method
shows about an 85% performance improvement.

Keywords—FFD-AABB Algorithm, Physically-Based Simulation, Deformable Obijects,
Collision Detection, Bounding Sphere

1. INTRODUCTION

Due to demands for increasing levels of realism, many interactive computer graphics applica-
tions such as computer games, virtual reality, and animation require both reasonably high reso-
lution to represent the geometric details of real objects, and high performance for achieving real-
time interactivity. In general, object modeling can be categorized with a physically based model-
ing and a non-physically based modeling technique. Non-physically based modeling mainly
deals with the visual component of the modeling. It is typically focused on the detailed geomet-
ric information of objects. On the other hand, a physically based modeling technique emphasizes
the dynamic and physical nature of an object behavior under various external influences. It can
provide increasing levels of realism for real world deformable 3D [1]. The prevailing issue in
deformable object modeling is the conflicting goals between higher physical and dynamic real-
ism on densely meshed objects and achieving faster computation at the same time.

Over the past decades, many researchers have introduced various approaches to model and
simulate deformable objects in a practical sense. Although rigid body simulations have been
successfully applied in computer graphics and computer games with satisfactory interactivity
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and accuracy, still so many real-world objects cannot be reasonably represented with rigid body
approximation. The mass-spring system is one of the fast and simple techniques that has been
used to represent deformable objects. In the mass-spring system, deformable objects consist
point masses and springs, as Newton’s Second Law calculates discrete model and spring forces.
FEM (Finite Element Method) and BEM (Boundary Element Method) are continuum mechan-
ics-based approaches that can deliver sophisticated and physically accurate behavior. However,
their computational complexity is still quite expensive for real-time applications. Despite the
computational complexity issues, these methods have been widely applied to implement the
behaviors of clothes [2, 3], human tissues [4, 5], muscles [6, 7], and so on. Alternatively, FFD
(Free Form Deformation) based methods also have been used for the modeling and animation of
complex and highly meshed 3D objects due to its fast real-time performance, even though it is
not a fully physics based approach. In addition, many existing methods such as the mass-spring
system [8], FEM [9], and shape-matching deformation [10] were supplemented with FFD-style
approaches to improve the realistic and efficient representation of large deformations.

Another serious obstacle in real-time 3D computer animation and games is collision detection
and the response process. So far, collision detection and the response for deformable objects
have been intensively researched and some significant results have been accomplished [11, 12].
Jimenez et al. [13] provided a comprehensive survey for various 3D collision algorithms.
Bounding volume based approaches, such as sphere trees [14] and AABB (Axis Aligned Bound-
ing Box) [15], were introduced to quickly check collisions between 3D objects. James and Pai
[16] proposed the Bounded Deformation Tree using a bounding sphere hierarchy to reduce the
computation time of collision detection and it was successfully applied to the collision detection
of a large numbers of objects. Teschner et al. [17] introduced an optimized spatial hashing based
collision detection algorithm for dynamically deforming objects. Although many collision detec-
tion and response approaches for deformable objects have been studied, they still come up short
on providing sufficient real-time performance and further improvement is imperative due to the
ever increasing demand for high resolution 3D objects. In this paper, we extended our previous
FFD-AABB algorithm [18] with an additional layer of the bounding sphere collision test. The
proposed method quickly rejects and minimizes the full-blown FFD-AABB collision test to im-
prove the overall speed of simulation under massive collision situations, and it is particularly
advantageous for a densely meshed, large number of deformable objects.

2. CoLLISION HANDLING WITH THE FFD-AABB ALGORITHM

As the mesh complexity of deformable objects grows, the fast collision handling for those ob-
jects is still considered a significant challenge in real-time simulations. The FFD-based method
is a one of the promising directions for alleviating those issues in 3D deformable objects anima-
tion and simulation. Barr [19] used a set of hierarchical transformations that include stretching,
bending, twisting, and tapering operators to simply represent the broad sense of the deformation
of objects. Sederberg and Parry [20] introduced the more general method that calculates the ob-
ject deformation by deforming the outer lattice of embedded surface. Although the FFD-based
method is restricted to uniform grids and its volume preservation is restricted, it generates
smooth deformation and is quite easy to implement.

However, another impediment in achieving robust and realistic 3D deformation was the lack
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of efficient collision handling for the FFD-based method. Collision handling for deformable
objects requires frequent information updating for the position of objects. Thus, collision detec-
tion and responses for the FFD-based surface of objects hinders the overall performance of the
system. In addition, directly applying collision handling to FFD grids generates severe surface
approximation errors and it causes critical and obvious visual floating artifacts between surfaces
of objects [18]. Therefore, we previously proposed the FFD-AABB method, which is a dynamic
bounding box, that deforms with the FFD grid along with the embedded surface meshes [18].
The FFD-AABB algorithm can be tightly integrated into an FFD-based complex deformable
object simulation and the computational cost is cheaper than the traditional method because it
requires only 8 node updates [18]. The spatial hashing approach is employed for fast culling by
deforming the AABB.

FFD-AABB consists of a set of eight boundary nodes and they have local coordinates (s, ¢,
and u) and global coordinates (x, y, and z) respectively. Fig. 1 shows a simple process of build-
ing FFD-AABB that consists of three steps. First, the FFD control grid is built for the target
deformable object. Then AABB of the mesh is calculated for each FFD cell. Finally, the FFD
local coordinates of boundary nodes and outside surface set are calculated for updating. Since
the tri-linear interpolation is simple and fast, FFD-AABB can be updated quickly and inde-
pendently from the complexity of the mesh. Since FFD frequently involves the scaling and
shearing of objects, bounding spheres do not approximate the FFD surfaces of objects properly.
Unlike FFD, FFD-AABB represents the embedded surfaces efficiently because FFD-AABB

FFD-AABB for collision handling

Fig. 1. The FFD-AABB building process
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moves along with embedded meshes of deformable objects. The cost of an FFD-AABB update
requires the evaluation of the eight node updates for each FFD cell. In addition, FFD-AABB
tightly approximates the embedded surface of objects under the large deformation [10].

3. AcTIVATION OF THE FFD-AABB BASED COLLISION TEST USING A
BOUNDING SPHERE

To improve the previous FFD-AABB based collision handling process, we analyzed the
whole simulation process. Table 1 shows the computational cost of the experimental results for
major FFD-AABB algorithm processes. Most of the computing time is spent in mesh updating
and collision testing between objects. One of the big obstacles for FFD-AABB simulation is
collision testing between objects and it takes around 57% of the computational time of the simu-
lation, as shown in Table 1. Furthermore, the massive collision of densely meshed deformable
objects causes even more computational costs for collision handling.

The FFD-AABB based collision test process requires performing the spatial hashing for de-
termining PCP (potential collision pairs) in broad step and calculating the collision test between
each node in the AABB of PCPs and each plane of the other AABB of PCPs in narrow step. To

Table 1. Results of the experimental test with the previous FFD-AABB algorithm (ms)

Collision test Collision test
. Number of Mesh Min, Max Distance | between the | . S1on tes .
Object type . . . . between Total time
objects updating updating calculating floor and .
. objects
objects

Alphabets 165 265.63 0.16 1.03 1.42 1061.39 1329.64

Spheres 100 115.19 0.10 0.47 1.25 216.96 334.28

Teapots 80 335.45 0.27 1.02 0.40 234.13 571.29

Buddhas 30 534.02 0.10 0.22 1.40 371.19 906.94

23 o¥eled

Updating Simulation State Collision Checkingbased on Collision is detected based on

Bounding Sphere Bounding Sphere Checking

Collision Response
Process Q |

Performing Element based Performing Spatial Hashing for
Collision Detection PCP

Fig. 2. The proposed collision detection and response process
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reduce the computational burden of the collision test, the proposed method introduced the
bounding sphere based collision test before the broad and narrow collision test steps. Therefore,
the proposed collision detection method consists of three phases. In the first phase, the bounding
sphere based collision test is performed to quickly quit the unnecessary further collision detec-
tion using the simple distance calculation. In the second phase, spatial hashing is applied to de-
termine the PCPs of the bounding box nodes. In the final phase, the bounding nodes in the same
bucket of the hash table undergo detailed collision checking. Fig. 2 shows the proposed collision
detection and response algorithm with additional bounding sphere based collision checking.
Only collided objects that are detected by the bounding sphere collision test are progressed into
the time-consuming element based collision detection step.

4. EXPERIMENTAL RESULTS

The experimental test was performed on Intel Core i5 3.3GHz, 4GB RAM and the proposed
algorithm was coded on Visual Studio 2010 under Window 7 OS. The proposed method was
implemented in 3D using OpenGL. To measure the performance of the proposed method, we
modeled four kinds of refined deformable objects such as letters of the alphabet, spheres, teapots,
and Buddhas. These objects were freely falling down to the ground and they bumped against
each other and the ground. Thus the simulations were carried out under complex collision envi-
ronments, as shown in Fig. 3. The yellow circles are bounding spheres for quick rejection of
further collision tests. Table 2 shows the number of vertices, triangles, and FFD cells for each
object. Since letters of the alphabet have a different number of vertices, triangles, and FFD cells
for each character, we used an average number of them for Table 2.

Fig. 4 shows the results of the experimental test based on FPS (Frame per Seconds) for each

Fig. 3. The simulation examples using the propsoed method
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experimental test. Although we applied a somewhat large number of detailed deformable objects
to prove the robustness of the proposed algorithm for massive collision problems, the result re-
turns around an 80% performance improvement rate compared to the previous method. Since the
proposed algorithm quickly rejects the complicated collision test, it achieves better performance
for more complicated examples that include more than 100 refined deformable objects. Fig. 5
depicts the simulation results for example models using the proposed algorithm.

Table 2. The number of components for each refined deformable object

Object type Number of Vertices Number of Triangles Number of FFD cells
Letters of the alphabet 1,141 2,279 34
Spheres 162 320 38
Teapots 3,242 6,400 84
Buddhas 32,328 67,240 148

Perfomance Comparison (FPS)
6
5
. //I\
3 -
2 2 ./ /\ b
[T 5
1 v ¢
0
165 Alphabets | 100 Spheres 80 Teapots 30 Buddhas
—*—The Previous Method 075 299 1.75 11
—8—The Proposed Method 23 478 222 162

Fig. 4. Result of the performance comparison based on FPS

Fig. 5. Snapshots of simulation results
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5. CONCLUSION

In this paper, we extended the previous FFD-AABB algorithm to provide an enhanced per-
formance of massive collision handling between densely meshed deformable objects. We added
a bounding sphere collision test to the previous FFD-AABB algorithm to promptly remove the
unnecessary time-consuming collision test. The computation cost for the proposed method was
80% faster than the previous FFD-AABB algorithm. The mesh updating process, which is an-
other computational burden for the FFD-AABB algorithm, can be modified and updated to ap-
ply the real-time applications in future work.

REFERENCES

(1]
(2]
(3]
(4]
(3]
(6]

(7]

(8]

(9]

[10]
[11]
(12]
[13]
[14]
[15]
[16]

[17]

(18]

S. F. Gibson and M. Brian, “4 survey of deformable models in computer graphics. Technical Report
TR-97-19,” Mitsubishi Electric Research Laboratories, Cambridge, MA, November, 1997.

D. Breen, D. House, and P. Getto, “A physically-based particle model of woven cloth,” The Visual
Computer, Vol.8, 1992, pp.264-277.

J. Collier, B. Collier, G. O'Toole, and S. Sargand, “Drape prediction by means of Finite-element
analysis," Journal of the Textile Institute, 1991, pp.96-107.

K. Waters, “A physical model of facial tissue and muscle articulation derived from computer tomog-
raphy,” In Proceedings of Visualization in Biomedical Computing, Vol.1808, 1992, pp.574-583.

M. Bro-Nielsen, “Surgery Simulation Using Fast Finite Elements,” Proc. Visualization in Biomedical
Computing, Springer-Verlag, 1996, pp.529-534.

J. Chadwick, D. Haumann, and R. Parent, “Layered construction for deformable animated charac-
ter,” In Computer Graphics Proceedings, Annual Conference Series, Proceedings of SIGGRAPH 89,
ACM SIGGRAPH, 1989, pp.243-252.

D. L. James and D. K. Pai, “ArtDefo: accurate real time deformable objects”, Proceedings of
SIGGRAPH 99 Proceedings of the 26th annual conference on Computer graphics and interactive
techniques, 1999, pp.65-72.

P. Faloutsos, M. Panne and D. van de, “Dynamic free-form deformations for animation synthesis,”
IEEE Trans. Vis. Comput. Graph., Vol.3. 1997, pp.201-214.

S. Capell, S. Green, B. Curless, T. Duchamp and Z. Popovic, “Interactive skeleton-driven dynamic
deformations,” Proc. ACM SIGGRAPH 02, 2002, pp.586-593.

AR. Rivers and D.L. James, “FastLSM: fast lattice shape matching for robust real-time defor-
mation," Proc. ACM SIGGRAPH 07,2007, pp.82.

M. Teschner, S. Kimmerle, G. Zachmann, B. Heidelberger, L. Raghupathi, A. Fuhrmann, M.P. Cani,
F. Faure, N. Magnetat-Thalmann and W. Strasser, “Collision detection for deformable objects,” In:
Eurographics State-of-the-Art Report (EG-STAR), 2004, pp.119-139.

C. Ericson, “Real-time Collision Detection,” Elsevier, 2005

P. Jimenez, F. Thomas and C. Torras, “3D collision detection.: a survey,” Comput. Graph., Vol.25,
2001, pp.269-285.

P.M. Hubbard, “Collision detection for interactive graphics applications,” IEEE Trans. Vis. Comput.
Graphics, Vol.1, 1995, pp.218-230.

G. van den Bergen, “Efficient collision detection of complex deformable models using AABB trees,”
Graphics Tools, Vol.2, 1997, pp.1-13.

D.L. James and D.K. Pai, “BD-tree: output-sensitive collision detection for reduced deformable mod-
els,” ACM Trans. Graph. (SIGGRAPH’04), Vol.23, No.3, 2004.

M. Teschner, B. Heidelberger, M. Mueller, D. Pomeranets and M. Gross, “Optimized spatial hashing

for collision detection of deformable objects,” Proc. Eighth Int. Fall Workshop Vision, Modeling, and

Visualization (VMV’03), 2003, pp.47-54.
S. Jung, M. Hong and M. Choi, “Collision Handling for Free-Form Deformation Embedded Sur-

719



Enhanced FFD-AABB Collision Algorithm for Deformable Objects

face,” IET Image Processing, Vol.5, 2011, pp.341-348.

[19] A. H. Barr, “Global and Local Deformations of Solid Primitives,” Proceedings of SIGGRAPH 84,
Computer Graphics 18, No.3, July, 1984, pp.21-30.

[20] T. W. Sederberg and S. R. Parry, “Free-Form Deformation of Solid Geometric Models,” Proceedings
of SIGGRAPH 86, Computer Graphics 20, No.4, August, 1986, pp.151-159.

Jae-Hong Jeon

He received the BS degrees in Computer Software Engineering from Soon-
chunhyaung University in 2012. Now he is undertaking a master degree of com-
puter engineering courses as a member of the computer graphics lab at Soon-
chunhyang University. His research interests are game development, computer
graphics, AR (Augmented Reality) and embedded motion capture.

Min-Hyung Choi

Prof. Choi received his M.S. and Ph.D. from University of lowa in 1996 and 1999
respectively. He joined the Computer Science and Engineering Department at
the University of Colorado at Denver in 1999. Currently he is the Director of
Computer Graphics and Virtual Environments Laboratory. His research interests
are in Computer Graphics, Scientific Visualization and Human Computer Interac-
tion with an emphasis on physically-based modeling and simulation for medical
and bioinformatics applications.

Min Hong

He is an assistant professor in the Department of Computer Software Engineer-
ing at Soonchunhyang University, South Korea. He received an MS in computer
science from the University of Colorado at Boulder and a PhD in bioinformatics
from the University of Colorado at Denver and Health Sciences Center. His re-
search interests include Computer graphics, Physically-based modeling and
simulation, Image Processing, and Computer game.

720




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


