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Abstract: Information technology can be generally understood as techniques and methods needed for creating, 
processing, refining, transferring and utilizing information through different working processes of construction. 
For managing information process different measurement, software, modeling, information communication as 
well as numeric control technologies are needed on the operational level. A visionary model of automated total 
process for future road construction is introduced. The main parts of the model have been tested by several 
different R&D projects carried out in Finland 2001-2004.  
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1 Introduction 
 
Full-scale integration of information 
technology into the civil construction 
process will in the future enable increasingly 
important innovations in the implementation 
of the individual phases of construction. The 
work process will digitized, the information 
will be organized and managed using 3-D 
geometric data, conventional work 
processes will be broken down into sub-
processes, re-organized and mechanized in 
new ways, while the level of automation 
will increase to combine previously separate 
and unconnected operations to achieve 
smoother and more efficient cooperation 
(Fig. 1). At the same time, the work process 
is a generic model development process in 
the course of which the original models 
created out of input data measurements are 
upgraded, expanded and exploited 
throughout the operational process. 
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is a generic model development process in 
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throughout the operational process (Heikkilä 
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2 Suggesting a model for the total 

process of Road Construction 
 
The ICT process starts with input data 
measurements carried out on the site. In 
civil and house construction projects, the 
key input data includes variations in terrain 
and elevation and soil features. Over the 
past few years, laser scanning from an 
aircraft, helicopter or on the ground has 
developed greatly and become increasingly 
popular. A laser-scanned cloud of 3D points 
adjusted to the relevant coordinate system 
can be imported into a semi-automatic 
analysis application that can be used to 
model not only the contours of the terrain 
but also the tree stands, road alignments and 
buildings [Fig. 2]. However, 3D modeling 
of soil features and their conversion into a 
digitized format is technically far more 
complicated than terrain modeling. 
Theoretically, it should be fully possible. 
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Fig. 2. Final result of input data 
measurements – an accurate 3D model of 
the terrain. 
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Fig. 3. Vision for the data content of a 
future n-dimensional terrain model. 
 

 
 
Fig. 4. Simplified example of a 3D model of 
existing structures. 
 
In product design, a model and instructions 
for the implementation of the product are 

created out of the input date. Typically, the 
products are large 3-dimensional objects 
[Fig. 3]. If the input data is 3-dimensional, 
design can be carried out 3-dimensionally 
using CAD tools. Additionally, the 3D 
geometric model can be used to produce 
images for 2D drawings. With improved 
efficiency in design, it is also essential to be 
able to make use of the design model for 
construction purposes. If the geometric 
model is accurate and readily positioned in 
the site coordinate system, it can be used 
directly for controlling measurements and 
construction machines. This imposes 
additional requirements on the quality and 
accuracy of design. Similarly, an online 
connection between the CAD application 
and 3D measuring technique is feasible 
[Heikkilä & Jaakkola 2002]. 

 
 
Fig. 5. 3-D product model of a bridge. 

 
In the future, machines used in civil 
construction will be controlled by automated 
systems. As is known, the most advanced 
systems presently available permit partial 
automatic control of the road grader blade 
based on 3D positioning and 3D models. 
However, the functional performance of the 
systems varies, usually because they only 
make use of geometric data that is not 
managed completely. Full control of the 3D 
geometric data and, in particular, inclusion 
of other property data in the control system 
are still things of the future. Previous 
research and experiments indicate that the 
control of construction machines and blades 
requires active coordination by the operator. 
In this system, the blade position is adjusted 
automatically with reference to the control 
model, permitting the operator to select 
among various options to optimize the 
process according to the situation at hand. 
Evidently, pre-calculated paths of travel can 
seldom be followed. Typically, 3D point, 



curve and triangulated surface model 
models provide sufficient geometric control 
data for finishing surfaces. However, their 
data content is not enough for a control 
model for work operations such as the 
reinforcement of the road bed or 
stabilization of structural layers, where the 
objective is to modify the properties of the 
materials. For example, in pile driving, the 
pile may be broken when the soil type and 
its penetration resistance change as the pile 
pierces new layers. If the 3D geometric 
model provided information about 
penetration resistance, it would be possible 
to control the driving force when penetration 
resistance reaches its maximum while 
ensuring that the tensile stress inside the pile 
does not exceeded its capacity. 

 
 
 
 

 

 
 

 
 

 
 

 
Fig. 6. A 3D control concept for a road 
grader. 
 
Technology that improves the efficiency and 
standard of quality control is represented by 
ground-based 3D laser scanners. As a result 
of the 3D re-measurement of the bridge we 
obtain a cloud of 3D points that can be 
compared to the 3D design model and used 
for computing deviations in dimensions, 
form and position and evaluating them with 
reference to the tolerances determined 
according to functional and financial 
criteria. 
 

 
 
Fig. 7. Output from the measurement of 
road surface carried out with a new mobile 
laser scanning system developed in Finland. 
 
3 Conclusion 
 
Information as well as automation 
technology have a comprehensive impact on 
the overall construction process. New 
technologies can be applied and utilised 
throughout the road management processes 
in the acquisition of source information, 
product design, site management, quality 
inspection as well as upkeep and 
maintenance. The automated process of the 
future will be digital, three-dimensional, 
model-based, mechanised and automated. It 
will also be a process of model refinement 
where the model created at the beginning 
will be refined and utilised throughout the 
process. In this renovation we should try to 
understand and manage the current of 
innovations and changes bu modeling the 
total entirety.  
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Fig. 1. Model of an Integrated IT Process in Construction. 
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Fig. 2. An idea of the Total Quality Management principle in IT Process of Construction. 
 


