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3D Indoor Modeling Based on Terrestrial Laser Scanning

ABSTRACT

According to the increasing demand for 3D indoor spatial information, the utilization of a terrestrial laser scanner comes to the fore.
However, the research for the comparison between a terrestrial laser scanning method and a traditional surveying method is
insufficient. The paper evaluated the time-efficiency and the locational accuracy of an AMCW type and a direct TOF type of terrestrial
laser scanning methods in comparison with the observation using a total station. As a result, an AMCW type showed higher
time-efficiency than a direct TOF type and the RMSE between the two types of data was = 1mm. Moreover, the terrestrial laser scanning
method showed twice higher time-efficiency than the observation using a total station and the RMSE between the two data was £3.4cm.
The results indicate that the terrestrial laser scanning method has better profitability and performance for 3D indoor modeling than the
traditional survey using a total station. In the future, a terrestrial laser scanner can be efficiently utilized in the construction of 3D indoor
spatial information.
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2831 RIS AI7E0] o)FoIR|aL ¢Jri(Frohlich and Mettenleiter,
2004; Ingensand, 2006; Arayici, 2008; Budroni and B6hm,
2010; Tang et al., 2010; Jazayeri et al., 2014).
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704 T "k o 2= AMCW (Amplitude Modulated Continuous
Waves) #2437} direct TOF (Time Of Flight) #2Jo] ¢lom,
F 290 AR fEAE, YA xjeolE ¥t} (Ingensand,
2006; Schulz, 2007). AMCW =S H=zH A5 737} ofs
H5 FEARE A, SR Werb 9 kHz =2 vl
WhE Swe] T 339 TOIE Fehem viEe] sPssiris
o] 9tk uhA direct TOF HFA1e HlE B 20 7wy} 733
= HlEM B2o] Fpseirhs A3lo] AT, HolA] WS
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Table 1. Specifications of Instruments Used in the Experiements
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3k HhHo 2= 33 F]u w¥H3K3-dimensional similarity
transformation), 32 F-5APY H3K3-dimensional affine
transformation) 50] AREE3L Itk A=W, Eek Ho)Al W
APgdle|#2oY AS vlofElE 2w} 3R AuEEAE
27y ARSRIE R 3R AuEag jIgkS ARSSle] T HPEo R
F53 vlolBlE A APdEBEAR A 5 vk 33k
AWFE WS Eq. 5 8 o) R, [Ty Ty T,7, & 2331
y2] ez 7Y 4 9ok

i}

Xq )(ahs‘ TX
Y;I :Rux,“‘m: )/;bé‘ + TY (5)
Z, Zos| | T2
where R, =
COSPCOSK  COSwWSIN K+ SINwSIN @CoSK  SINWSIN K — COSwSIN @ CoSk
—0S@SIiNK COSwWCOS K — SINwSIN @Sink  SINwCoS K+ coS wSIn @ sink
sin ¢ — sin wcosg C0S WCOS ¢
W, X, Y, 7, 8 Fe] A ATl X, Y, Z,
S gk A A 2, w, 0, v 2 X, Y, Z S 03] SRzttt

3. &1L Z204 CHOH &t 201

B dAFoME 3 AR 75| i) 84S
Hw3l7] ste] AAEH, EExgo)Hd 2 xPitd|o]x 2T
A= dloJEE ARSSISITE £ dAFolx] A3 ERE o] e
TOPCON A}e] GPT-9001Ao]c) Aol A8-3F xPd|o] =27
e AMCW HH21e] FARO Ale] Focus3D$} direct TOF #H2]9]

Focus3D Scanstation C10 GPT-9001A
Manufacturer FARO Leica Topcon
Instrument type Phase Pulsed -
Range Focus20:20m, Focus120:120m 300m@90% (refl.) 3000m (1 prism)
Field of view (vert./hori.) 305/360 270/360 -
Scan rate (points/sec) 976,000 50,000 -
Ranging error +2mm +4mm +5mm (Non-prism)
Ranging noise 0.6mm* 2mm (1 sigma) -
Size(D,W,H) 240, 200, 100mm 238, 358, 395mm 338,212, 197mm
Wight 5.0kg 13kg 6.9kg

*@10m-raw data, @90% reflectance
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Table 2. Observation Data of Three Different Instruments

Scanstation GPT-
Focus3D 10 9001A
# of Station 2 2 2
Point density 3-5mm 10mm -
@10m @10m
Num. of point 79,533,201 28,668,429 44
Set-up time 10min 10min 10min
Scanning Time 6min 15min 30min
143312
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181i 716,:"';,/ 36 34 ~\\\“ 110
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Fig. 2. Configuration of Intersection Points Used in the Experiements
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Focus3D (c) Scanstation C10



Table 3. Registration Error of Scanning Data of Focus3D and
Scanstation C10 (Unit: mm)

Target Focus3D Scanstation C10
ID X Y z X Y z
t01 -1 -1 1 0 -1 0
t02 0 -1 0 1 0 0
t03 -1 0 1 -1 0 0
t04 0 1 0 0 -1 0
t05 1 -1 -1 -1 -1 0
t06 -1 0 1 0 1 0
t07 1 0 -1 0 1 0
t08 1 1 0 0 1 0
t09 0 1 0 0 0 0

3.3 Olo|E] Zt ¢x|XME: H|w

A A= ke flete] 299 dlo]H 25 E RANSAC
GE]ES o83l WA e FEIAL o8 ERH oA
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Fig. 4. Location Inconsistency of 2D Horizontal Models
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Table 4. Location Inconsistency between Each Observed Data

Type Design drawing Focus3D Scanstation C10 GPT-9001A
X* - 0.1359m 0.1349m 0.1534m
. . Y* - 0.0425m 0.0430m 0.0417m
Design drawing
z* - 0.0160m 0.0119m 0.0066m
R** - 0.1433m 0.1421m 0.1591m
X - 0.0031m 0.0196m
Y - 0.0050m 0.0236m
Focus3D
4 - 0.0027m 0.0134m
R - 0.0065m 0.0335m
X - 0.0112m
Scanstation Y - 0.0301m
C10 z - 0.0126m
R ) - 0.0344m
Symmetric
X -
Y -
GPT-9001A
7z -
R -

*X, Y and Z: RMSE in X, Y and Z direction.
** R: RMSE in 3D position.
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Fig. 6. As-built Revit Model Including Main Indoor Components (a) 3D Point Cloud Registrated on the CAD Drawing (b) 2D Geometric
Drawing (c) 3D Geometric Drawing
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