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INVESTIGATION OF TERRESTRIAL LASER SCANNING 
REFLECTANCE INTENSITY AND RGB DISTRIBUTIONS 

TO ASSIST CONSTRUCTION MATERIAL 
IDENTIFICATION 

Usman Hassan1, Akcamete 2, Cagla Meral3, 

Abstract: Terrestrial Laser Scanning (TLS) allows collection of dense 3D point cloud 
data that captures a structure's as-is conditions. The geometric information from the 
collected data could be used to generate a 3D-model of the structure. However, the 
generated model usually lacks functional information - a basic requirement for a 
semantically rich information model. Some of the functional information (such as 
cost, mechanical and thermal performance) could be derived if the material used in a 
particular geometry is identified. The material related information in the collected 
data, which is mostly underutilized in the construction industry, could be potentially 
used for material identification. This paper investigates the possibility of material 
identification from the TLS data using the obtained scaled reflectance intensity (I ) 
from the laser scanner and the Red-Green-Blue (RGB) values from the in-built 
camera images. For this purpose, structural concrete, light-weight concrete and clay 
brick samples were scanned under two different conditions: (i) high/low ambient 
illumination, (ii) dry/wet surface. Obtained results show that scanned materials have 
different I  distributions. The illumination conditions have no effect on the obtained 

I  distribution; however, the surface moisture conditions vary the measured I  
distributions considerably. Recorded RGB values of the illuminated samples could be 
used as a secondary parameter for material identification. These results show that 
TLS has a potential of augmenting the visual material identification processes. 

Keywords: Laser scanning, point cloud, automated material identification, 
construction materials. 

1 INTRODUCTION 

Laser scanning is presently one of the most utilized 3D data acquisition methods, whi
for structural health monitoring (Park et al. 2007), 
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(Park et al. 2007; Lovas et al. 2008), and damage assessment (Olsen et al. 2010) 
Topographical and survey related application 

monitor geomorphic processes (Lim et al. 2005) and 
Teng 2007).  Laser scans along with images (Liu et al. 2012)  

to provide as-
for progress monitoring (El-Omari and Moselhi 2008).

while cameras although 

Construction materials are installed in various stages of projects and in various forms
material identification is 

Construction material identification is necessary for scope verification and
monitoring purposes, which are performed by validating 

at the right time in accordance with the schedule and specifications.

On built structures, the identification of 
or highly specialized equipment, which can be

destructive, time consuming, and expensive. M

valuable time and resources. Automated construction material identifi
record of material types and once correlated spatially, can populate as-

with material information. 
The goal is to come up with 

with images
and quality control. 

1.1 Material Identification  

intensity (I  ) is the ratio 
Using  

 from TLS as a parameter for material identification ha
Harvey 2002). 

also have an effect on I  

field settings (Franceschi et al. 2009)
 distributions (Lichti and Harvey 2002). 

like steel and wood was also observed (Voegtle et al. 2008) 
I   

intensity mean values and range. 
In this paper, laser scanning using time-of-flight with wave Digitization technology 
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studies (Voegtle et al. 2008). The objective is to test this latest technology and 
material identification techniques that can be used 

material signatures 
are identified. RGB values 

data is not unique to one material. 

2 EXPERIMENTAL METHODS AND DATA ANALYSIS 

(Lemmens 2011). Phase-

Current research is conducted with Leica ScanStation P40 which uses ultra-
a laser beam 

Carter 2013).  
Materials reflect certain wavelengths of light and absorb the rest and camera sensors

Gurevich 2012). Colour filters

they can be combined using RGB color model to represents 
visible to human eye. RGB color model is illustrated by Ca

In this study, several scans were performed on commonly used 

until they are covered with cladding, insulation, or finishing. The materials 

given in Table 1. 
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Table 1: Sample Specifications and Scan Post-Processing Areas 

*aterial Composition and Color Planar Surface 
Finish 

Large Area 
(cm2) 

Small Area 
(cm2) 

C+,-./0/ 1+4+5/,/+678 grey S4++09 :;<=>? @A@>B 

LD590 weight 
concrete 

1+4+5/,/+678 light grey P+.+67 E@:.0 <@@>; 

CFGJ brick 1+4+5/,/+67K light 
b.+r,D79 orange 

T/N06./O AQQ.0 <Q=>Q 

Specimens were all kept upright throughout the test and were cleaned and dried before 
the test was performed to remove impurities. Figure 1 shows pictures of specimens used 

for the test. 

   
Figure 1: Materials (Left to Right); Concrete, Bricks, and Lightweight Concrete. 

Concrete block was 

grey in color. Its surface was dusty and uneven with small visible pores. 
bricks were stored at open-

Cyclone software was used as the raw data parsing software for post-

The specimen edges were also avoided due to greater 
given as {(x�, y� , z� , I� , R� , G�, B� ), i =

1,2,3, … . . , N}  where x�, y� and z� are the Cartesian coordinates; I�  

, G� , B�  are the 8-bit integer (from 0 to 255) RGB-values for the ith

acquired point. Based on the intensity characteristics (minimum, maximum etc.) of the 
scanner, the software linearly scales the measured reflectance intensity value between 0 

. The output of 

, G� and B� values are linearly scaled between 0 to 1.
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Then, for each scan I  , R  ,G  and B   

3  RESULTS AND DISCUSSIONS 

3.1 "#  distribution 

distribution 
which depends on intermolecular distance and surface properties. The

in the I   distributions of the scanned surfaces 

Figure 2 shows obtained I   distributions of large post-
 distribution has been observed for each scanned material. 

 
Figure 2: I  distributions of large post-processing areas (LA) on concrete, light 

weight concrete and clay brick specimens. 

The material specific I  distributions need to be repeatable for scans 
of a specimen given that the measurement conditions are kept the same. 

 distribution was checked by comparing I   histograms 

intensity distribution. 
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(a)      (b) 

 
(c)      (d) 

Figure 3: (a) Representative small (SA) and large (LA) post-processing areas; 
Comparison of I  distributions of SA and LA of (b) concrete, (c) light-weight 

concrete, and (d) clay brick. 

The I   distributions of samples at high and low ambient illumination are given in 

which is critically dependent on lighting conditions (Shengyong Chen 2008). 

I   

The I   

 distributions. The moisture condition of a surface effects the I  

following Fresnel Reflection. A portion of the incident 

|}~�� area (LA)

��}�� area (SA)
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     (b) 

Figure 4: I   distributions of concrete, lightweight concrete and clay brick samples 
at (a) low ambient illumination and (b) high surface moisture. 

3.2 Visible spectrum 

, G  and B  values were plotted in Figure 5. Concrete and light-
weight concrete both are in a shade of grey; therefore, their RGB 

in green and blue bands. 
 distribution in material identification by augmenting 

  
  (b)    (c) 

Figure 5: Histograms of RGB-values for concrete, lightweight concrete and clay 
brick samples at (a) Red band, (b) Green band and (c) Blue band. 

4 CONCLUSIONS AND FUTURE WORK 

. The experiments showed that each material scanned has 
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I  distribution when defect free areas were scanned, proving relevance of 
have an effect

I   distributions because of active visualization mechanism of laser scanning. P

 distributions towards the lower end of 

In the visible spectrum, the RGB values for brick w

The RGB intensity 

 
The results can be further refined by experimenting in 

also taken from fixed distance of 3m 
having same cha

of same material type. 

I   values. The native P40 camera has 4 Mega-
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