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Implementation of File-referring Octree for Huge 3D Point Clouds
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Han, Soohee

Abstract

The aim of the study is to present a method to build an octree and to query from it for huge 3D point clouds
of which volumes correspond or surpass the main memory, based on the memory-efficient octree developed by
Han(2013). To the end, the method directly refers to 3D point cloud stored in a file on a hard disk drive instead
of referring to that duplicated in the main memory. In addition, the method can save time to rebuild octree
by storing and restoring it from a file. The memory-referring method and the present file-referring one are
analyzed using a dataset composed of 18 million points surveyed in a tunnel. In results, the memory-referring
method enormously exceeded the speed of the file-referring one when generating octree and querying points.
Meanwhile, it is remarkable that a still bigger dataset composed of over 300 million points could be queried by
the file-referring method, which would not be possible by the memory-referring one, though an optimal octree
destination level could not be reached. Furthermore, the octree rebuilding method proved itself to be very
efficient by diminishing the restoration time to about 3% of the generation time.
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32 A4 elolA A7v=AE FS53 34 2E F
2k (point cloud)= 4 AS, 32+ 7P“ | :rL??i, o
A (reverse engineering) S-ofof| 4] da] &85 11 LA
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Wang et al., 2004; Schnabel et al., 2007; Cho et al., 2008;
Marechal, 2009), H| 2] AH-8-F B B iz Holl A o214
Q1 WkAlQJo] =g =@tk (Han et al., 2011; Han ef al., 2012).
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2 ARgsE] flske] vlme] Abgel dFs nld & Qe
L Sl LA 8o}l L Ea] A WAL BAE A
Al HQES AJAISFSITE Han(2013)9] Atoll A= 324 <

E’“E} E AAE wIgl mlefo] At Eto =

Ea] YA 9 ZOlE e &) u) & whE x|t pke )

E’VF Z astrhe To] ik wheba wQl mxe] o] =7]
of ZHsAY 23}oh= 32k ZRIE Fehe-tof A=
SEZE AGsP17F o Pk o] 9] tieraQl A= A] Schon
et al2013)2 SETE WAL 33Y IQE Zelox
7} Ao} Q= o2 E7h dloleMo]2(Oracle Spatial
DBMS)?} 202 o §e 3349l ZelE Feheso]
ofat g S Sabslgick

2 Aol A= mIQl W e) o) 7)o FAsAY 2 ats)
339 EQIE FeheE Rt LS A Slste]
dolelilo] % AL§ AL 339 ZOlE Sehe s vl
vl elol AA5}A) o sher] Ae) mhel g H4iH 0.2 2
3hs WS AskaA} gk ob e vle) vjmelo] 7@
B 202 TR ARsn Ape] BT my SEe)
AR A7HE Folts P Aksta sk

2 = 5o] 21204, v|2e) B8] 4
129} Ao tia) Han(2013)2] A72 Qof
t}. 2.280] A= Han(2013)o| 4 AR-&-% o2z
WA B Aol Aokt shele Fashi
s 23804 vlme] PR SEeo] At
Hoi thsto] Arggtet 387} 4o M= A Bl oA
oF 32 2ZIE SEReLof T 7ER] BHAE 283k Aot
AES A

¢

__\_.

JZ’LO

)

110

2.

r
T

21 22| ZBH9l 2Eal0| 73

SEL AFA B2 729 YFom A9 AZ HE
1= =(parent node)7} 615 7H] Z}4] L==(child node)e} A
7% xo|n A= Ealquadires)?] 3349 Spolck, 7t
Hozi Fig. 17 2] A9 7} BtSHE 349 37
& 72, A=, ol HHo 2 47 FEstel 3 87 59
3} 37]9] Z7He 24 =) Eksic) ukA o 2 321
EQIE FHYES AQISE] $lste] Cri dlolz S
E 7L A L& Seiae A lof tigh 1, #
LT 9] 4 AA YuFA|(minimum bounding hexahedral,
o] F MBH) 4u9} @ 0| dr(evel) H2E A5t
7] SI% WeE, A EIEE AL ) 919
o}7}o] B (archive) 5 t}ofst HE 2=t} o] 79 MBH
£ sl Siat ol W] weh s @ e A7)
36 bytes(float®d W42 74-9) E+= 60 bytes(doubled Ha
of 297k Eol, A4 o) Thils} Z7ke ajote} 3 7
o R 1= o st} 244 BTk A A B v
o] ALg o] A F7FsH 2AIHo] Qlck(Han, 2013). o]0
Han(2013)2 Fig. 2} 70| = =of] e]%] MBH #4:9} @
L Eo oA M 55 A A i =9] 7] 5 8bytes® 7
LAZom, AR Hese YRS BAsh] 5k SE
2] A4 &2l AddPoint()E £33 MBH ¥4=2] mbhe} &t
A Al level S FIL e & 2HE G of 4l 5 214
e Sl A sl WA AljbeSich

|

+

+

Fig. 1. Octree(left: recursive subdivision of a cube into
octants, right: the corresponding octree)(Wikipedia, 2010)

=S4 Tof|A] vector
Zzﬂ(ZﬂXI—E] 3Z]'% ZRIES 5&_7.36‘]-7] © ?_ o}7lo|B)E A
T T R 52



Implementation of File-referring Octree for Huge 3D Point Clouds

Struct Point3D{
double x, y, z }

Class CNodef{
CNode * pChild // A}4] & E0] gjst Z9lE, sizeof(pChild) = 4 byte
vector * ptList // vector ZZXA9) Cjgt & 9IE], sizeof(ptList) = 4 byte

AddPoint(Point3D #pt, MBH *mbh, int level){
int n = SelectChildUsing(mbh, pt)
if (level == DestLevel-1)
if (pChild[n].ptList == NULL) // 2/Z % Z0f vector AXA7} #101E/0] Q=X &
pChild[n].ptList = new vector // vector ZZXAE F& o2 gt
pChild[n].ptList.Add(pt) // vector 2X=A)o] A Z oI ES] HEIIEl XZF
else
if (pChild == NULL) // A}4] &= E7F {I¢1E]o] QI=A] o
pChild = new CNode[8] // 87/ A4 =EE FXFoZ g3
mbh = CalcMBHUsing(mbh, i)
pChild[n].AddPoint(pt, mbh, level+1)
[/ HHE Y wEo) BOIE, YHE mbhe} G G2 AAN0E Y |

Fig. 2. Pseudo codes for MBH-free octree node(Han, 2013)
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Han(2013)2] 5Ll A1 Fig. 39] ReadPointCloud() $F> < w2t 1&11/} Eg|#al oz} o E ST E AA =
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void ReadPointCloud(){
Point3D * pPointArray = new Point3D[nPoint]
/) 3AFY EOIEO] XnPoint)PFF Point3D &9 ¥ (pPointArray)z 4197
fread(pPointCloud, sizeof(Point3D), nPoint, pFile)
// EOIE Z22E G (pFile)ZREl 358l HIUEE B gjo] HjFa] A5}

void MakeOctree(){
CNode head:
for (i=0: i<nPoint: i++)
head.AddPoint(&pPointArray[i], mbh, level): }

Fig. 3. Pseudo codes for making octree

111



Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography, Vol. 32, No. 2, 109-115, 2014

void MakeOctree(){

CNode head;
for (i=0: i<nPoint: i++)
Point3D pt;

int pos = ftell(pFile);
fread(&pt, sizeof(Point3D), 1, pFile):
head.AddPoint(pt, mbh, level, pos): }

Fig. 4. Pseudo codes for making octree using file pointers
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Table 1. Specifications of data
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Scanned object Tunnel Tunnel o} 2eR g 2 e By o 2} o5t B ool 24
Number of points 18,376,726 300,525,406 el e R P R AR R R B i
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. format
binary format Destination Memory-referring File-referring
level Building | Querying | Building | Querying
Table 2. Specifications of system Memory(MB) 00+176
. 7 ) Not conducted
CPU AMD FX 8150 (8 cores running at 3.6GHz) Time(sec) 4.06 ‘ 8.74
RAM Memory(MB 420+186
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0s Windows 7 Professional 64bit Time(sec) 541 ‘ 301
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WA AR L SE e s cad el e 0T T s [ 203 | 987 | 10782
o) A 719} A7, Q1 3349 EQ1E B AJ7HS Table 337 7+ Memory(MB) 4204825 825
- - — 11
t}. 36,7547 2] 0.2%)2] 3249 FE ZRE] ¥ Sem Time(se) | 1129 | 616 | 3224 | 7962
el A5k HE 32 ERIES FAstg on] BHl £ Memory(MB) 1891
_ L 12 X Not conducted
7} w2 4= 71K 9] & E 8] &3 thA|(destination level)of w} Time(sec) 38.30 ‘ 82.85
2 A7=E B A5k QED By 2E M MB 3601
L EJ—"]—E '1!."‘10]—/0\]:]—‘ 05‘7]}\_13 —-——a -1-T~L‘- 11:_.]—7:"% _l——‘E] 13 eI‘nory( ) Not conducted
WA A B2 B 848 ojulate] 3 o] Blzeert 7 Time(sec) 4583 | 20444

A 2 gl 2 R 50k QAT BE BAZ} Z7HE
whe} 2)3 e =0) 3717k Fof WA Qlojo] Fashs R
s} g4 A7} ojA| ol mute] Zgto] ofs Tl A7k
o] 7h4:5}eh th] Z7ksHs BAE 11Tk (Han, 2013). 5]
A 73 <boll B 339 EQIE O] & S E Tl

mjme]e] 2719 AlZE It 32k ERIE BAl A7 SE
2] A 9 E9 X7 Table 49F 2} 30,0537H(A A<
0.01%)°] 32}l QI E ZXE| ¥H Sem Wol| Exsh= HE

113



Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography, Vol. 32, No. 2, 109-115, 2014

Table 4. Memory and time occupancy of memory-referring and file-referring methods using data 2

File-referring
Destination level Memory-referring
Building ‘ Querying ‘ Saving ‘ Rebuilding
9 Memory(MB) N/A 2744
Time(sec) N/A 124815 | 997508 | 3864 | 3009
10 Memory(MB) N/A 2913
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