Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2017.18.9.1
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 18, No. 9 pp. 1-8, 2017

8 BIM P4 Hele 2EUE 9T A T2

BIM Geometry Cache Structure for Data Streaming with Large Volume

Tae-Wook Kang
Korea Institute of Civil Engineering and Building Technology

 oF H oie] Bxe 54 vig] dgo] oy & BIM(Bulldmg Information Modeling) 373 dlo|€ & *&]3}7]
1 7cache) TEE AT, 227 5 FF7180l4] BIM W} ol o] @} o8 BIM B4 HlolEl e 71AIhe)
2, ARHSE SHe A7) QOIS SIEk L RS AR A WG R AR 9 )
AHEAZE BIM RS ARSI, 9HE #R1E

BIM HloE|2 MlE9)2s $o) detolo} & 4%, The
i, AS13 It 940 Aol A S 2, 2917 Wl S el e K S
P] ST, BIM 4 51 5 AR Ao Bed dlol el Wl 2 7R (cache) A eI3HE
g audon AdYan AL A

ol

o1§% BIM Hlo]e g 237
Aol felstth, o] A Beld vme) dgol ojele tigw BIM 34 Hol
BIM @4 74 T2 ARk,

o

Abstract The purpose of this study is to propose a cache structure for processing large-volume building information
modeling (BIM) geometry data,whereit is difficult to allocate physical memory. As the number of BIM orders has
increased in the public sector, it is becoming more common to visualize and calculate large-volume BIM geometry
data. Design and review collaboration can require a lot of time to download large-volume BIM data through the
network. If the BIM data exceeds the physical free-memory limit, visualization and geometry computation cannot be
possible. In order to utilize large amounts of BIM data on insufficient physical memory or a low-bandwidth network,
it is advantageous to cache only the data necessary for BIM geometry rendering and calculation time. Thisstudy
proposes acache structure for efficiently rendering and calculating large-volume BIM geometry data where it is

difficult to allocate enough physical memory.
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o] A2 UEA FolA d&F A HolHE 2Ex Table 12 7} S0 gt g Aofolt,
Wa) e e e
Nl 33elA EA5 4 vlolg] ALt B7de] wk Table 1. Classes definition
2t o8 34 A =& A8t Geometry Rendering Class Role
Cache, T&%F 34 AXS A= Geometry BIM geometry cache information management class.
. BIM is divided into a geometry rendering cache and a
N 2= o)
Computation CacheZ T2 4~ th Cache calculation cache, depending on the viewpoint of
A4l A 2 ANl g AR A5 A processing geomety
/ﬂ}é]—ﬂ ‘14 °H 27h o]t }6] g Z] | 3}_ Spatlal Index File Geometry Cache for geometry rendering. Th§ C§che .mana'ges the
Renderin LoDs for the shape. When mesh is visualized, it loads
= /\]‘ ) ?'&E} Spatial Index File2 Octree 7 ] Hko g EZ—],‘ eCacehe & LoD of shape necessary for rendering into memory and
- . - . transfers it to visualization function.
5}H, Spatial NodeE T/ 3}, Spatial Node® &7+ 4
s TElell olado. wlals o o] Geomet Manage the cache information for geometry calculation
Oﬂ leﬂ 7 ]' ) E] o= ‘\Li'a O]"IL O}'H 87 H’] s Computatrii,)n such as geometry section cutting. Loads the information
x-3 v“.j:?j_]'ﬁﬁ’ g 8]'04, 27 AR B S LA 2 2 Cache of the shape n.eeded for shape .calculano.n into memory
and transfers it to the calculation function.
7V Az} i = AARE =
(F71ke] Spatial Nodei= A RS 7he]7]5= Spatial The cache object manages the handle, which is
Object HandleS #2] 3t} CacheObject | reference information for loading information necessary
L N N — for the cache from data file.
Cache Object= BIMZA] HlolH & A 4 e -
~ The cache handle refers to the object shape file to be
handle& +#]3c}. Cache Handle2 74417} #ejsle= CacheHandle | loaded into memory. With the handle, the shape file can
7Hﬁ ﬂuqiﬂ Oﬂ Tﬂﬁ} Ao ]U:L o] Hso %8]]’ Xi ;g_% be easily loaded into memory.
- - - A spatial indexing file used to spatially search objects
/x} 0lo. A1 Al AIAX g Q 3§
BIM @7 dlolE] vtdS I3k 94 Aldte] Eas) Spatiallndex | to be managed by the cache. The spatial index
E}?i ] “H_‘é_% = H %a@ ‘}HEE]E 13] O]E = i%g}. File information of each object is managed by Octree
structure.
a1, Alate] b, A 29 (unloading) e 5= AT} Fig. 2 ———
As a node of spatial indexing, it manages
= doly A4 =g F+xo|t}) SpatialNode | SpatialObjectHandle which is the handle of the spatial
region and the object belonging to that region.
It determines when to load the BIM file for rendering
SpatialObjectHandle or calculation of geometry into the memory from the
CacheObject | data file and provides the reference pointer that can be
3 Iterator used to visualize the object reference point in the
é loaded memory or to access it from the calculation
SpatialNode CacheObjectIterator function.
-regionGrid: region +next(): CacheObject Spatial object handles are managed by the SpatialNode
-handleSpatialNodes: handle[8] :gggg]e?(gh%glafb? oct* SpatialObject | of the spatial index and manage the handle information
- Handle of the objects needed for rendering or calculating the
*II\ shape.
SpatialndexFile CacheObject
-_objectHandle

+querySpatialNode(regionAABB)

+getBIMobject(): BIMabject *

é /
Cache
-_cacheMap: hashMap<handle, CacheObject*>

CacheHandle

+setLifecount Policy (calback) +_cache
+callPolicy () I<— +_handle
+lock(handle
+un|0(ck(hanc?le) +operator=(handle)
+getCacheObject(handle) ~CacheHandk()
+getBIMobject (handle)
GeometryRenderingCache GeometryComputationCache
-cameraContext -region

+initialize( cacheFolder, cameraContext)| | +initialze(cacheFolder, region)

Fig. 2. Data cache logical structure for BIM large volume
geometry
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Fig. 3. Rendering cache process
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BIM_cache_rendering_iterator listCacheBucketR = beginGe
ometryRendering(cameraContext);
for(objectR in listCacheBucketR)

renderObject(objectR);
endGeomeryRendering(listCacheBucketR);
listCacheBucketA = beginGeometryCalculation(regionAABB1);
listCacheBucketB = beginGeometryCalculation(regionAABB2);

for(objectA in listCacheBucketA)

{

for(objectB in listCacheBucketB)

caculateSomething(objectA, objectB);

}

endGeometryCalculation(listCacheBucketB);

endGeometryCalculation(listCacheBucketA);
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life count® ZAEE a9 4 9

o€ Aty AR oxmsel oot

rendering_policy(cache, handle)
{

if(cache[handle].accessLastTime()
< currentTime() + cacheDurationTime())
cache[handle].increaseLifecount();

cache[handle].setAccessLastTime();

}

2 gy 9 g o, A
28 A AA F2E HELT F JE iterator 9

operator++() SA2kA} QJAlH = o]t)

object iterator::operator++() // 91 &HX}

{

_index++;

handle = handles[_index];

if(_cache[handle] ................................................. —_— NULL)
lifeCount = _cache.load(handle); // tl 22| 24

return _cachelhandle].getBIMObject(); // &z=2| &
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Header

Region index
section

Objects section

Fig. 4. Cache header structure
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Re%ieoc:]g:]dex Index chunk

Index#1 chunk Region header

region

Objects section position
in region#1
Objects section position
cross region #1

Index#n chunk

Ion
Ao

region

X1 g 21 Objects section position

Cross region #n

X2 Y2 Z2

Region header =

{CRC (4), Region index chuck ID (4),
Parent region position (4),

Child region num (4),

Child region positions

(4 x Child region num), ,

Object chunk num (4)}

Header = {File format ext (4),
CRC (4), Indexing type (2),
Indexing tree depth (4),
Indexing description (256),
Region num (4), Objects
section num (4)}

Indexing type = {2D grid, 3D
grid, Quad tree, Octree}

Object section position =
{begin (4), end (4)}

Fig. 5. region index and index chunk structure
(The number in parentheses is the byte number)

5.3 AHMM A=
e sl RE AfAoR AA AR} 9= v
S Ae 5 Atk Fig 62> A4 ARE Hstal gl

objects section T30t}

Objects section Object chunk

Objects#1 header Object chuck

G o) header
b P b .
E F 15 Object#1 chunk Geometry data
9
4 i LOD#1 data
y k
é Object#n chunk
n
LOD#n data

Objects#n header Object chuck header =

{CRC (4), GUID (128),

Next object position (4),
Geometry data position (4),
LOD num (4),

LOD positions (4 x LOD num}

Object#1 chunk

Object#n chunk

Geometry data = {B-rep data}

LOD =

Objects#1 header = {LOD header, LOD data}

{CRC (4),
Region index chuck ID (4),

object num (4) LOD header =
i ; {vertex num, face num,
Region type (2)} material}

Objects section type =

{In, Cross} LOD data = {vertices, faces}

Fig. 6. objects section and object chunk structure
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Region header

region
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cross region #n

Fig. 7. Index chunk duplicate processing method for
position of overlapping shape data between
index regions
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Table 2. BIM data rendering and computation test

samples
No Project name Size (mb) Object numbers
#1 K.P.E. project 917 14,436,546
g | Scwage management | g, 14,968,017
project
#3 KICT 445 7,236,429
U 1Fe 7 s 3902 339 A 2w
2 ANE g Bgoltt

Fig. 9. Sample #2 rendering & sectioning results

Fig. 10. Sample #3 rendering & sectioning results

Table 3%} Zo], ¥ AgolA Aete WS A-8s)
W, AR $o gy B ARt e
o, MAEE & F Ak

Table 4= A1 AE A4 W& FHolA A3 1%
o], FX3= HA A4 AIZF UlF] ZF 9A BA ARE
v goltth 7]& &% BIM d4 AR E A¢tels )
ARE W57 el BIM AR 94 i, LOD
ARG, Qe 2~ A7 (Indexing)©] 2
4% oot HE A% Hed IAT

= 1=3
°] LODE AXteh= Aol iAo B2 Alto] 28
gt 7 @A AL e B B eyl
Ae Ao Btk mdlo] B4ekE LOD % 1Y)

Table 3. Test Performance results (second. FPS=Frame
Per Second)

Inactive Proposed Method Active Proposed Method
No Rendering Sectioning Rendering Sectioning
(FPS) (s) (FPS) (s)
#1 2 252 20 5.8
#2 3 23.8 23 5.3
#3 8 16.7 32 1.6
2 AelAE BIM RS A 53 o, s
SAE A ARletEE, & Aol Ted 27
o]z A7 Alell= & 7 e, A Ed

Table 4. Cache information calculation performance
ratio (%)

No Parsing LOD generation Indexing Etc
#1 12.3 43.6 28.5 15.6
#2 11.8 40.3 31.8 16.1
#3 17.3 352 25.6 21.9
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