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ABSTRACT  

The number of ship retrofit and conversion projects has increased dramatically 

over the last couple of years, mainly as a result of new international regulations 

to limit environment pollution. Another driver has been conversion of oil tankers 

into floating production, storage and offloading (FPSO) vessels as offshore oil 

and gas production has moved into deeper waters. The need to accurately estab-

lish the existing location of equipment and systems onboard ships prior to a ret-

rofit project has lead to an increasing use of 3-D laser scanning. This technology 

brings benefits as it increases the accuracy of the retrofit design and associated 

production information and it shortens the time needed for the onboard survey. 

The paper describes the laser 3-D technology and compares the time allocated 

to the classical practice of collecting input data onboard of ships with 3-D laser 

scanning activity, based on review of records from several onboard scanning 

and subsequent retrofit projects. 
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1. INTRODUCTION  

An increased awareness of the harmful 

effect ships have on the environment has 

resulted in the International Maritime Or-

ganisation (IMO), a regulatory body under 

the United Nations, issuing regulations that 

require ships to limit certain emissions to the 

air and sea. In addition, a set of recent na-

tional regulations aiming at protecting air 

quality apply to shipping in certain geo-

graphical zones. Together, these regulations 

create the need to upgrade a large part of the 

existing fleet since it is not economically 

feasible to fully replace it. The BWM Con-

vention and MEPC 70 can be mentioned as 

an example of regulations that in many cases 

require installation of new equipment and 

systems.  

The BWM Convention was adopted on 

13 February 2004 and it entered into force on 

8 September 2017 [1]. MEPC 70 was 

adopted on October 2016, and shall become 

effective on 1 January 2020. These regula-

tions give rise to a series of modernization 

projects for ships with Ballast Water Treat-

ment [2], Scrubber, HFO Fuel to MDO/MGO 

Fuel system adaptation, etc. [3],[4]. 

At the same time that the above-

mentioned amount of retrofit projects take 

place, there is renewed interest in converting 

existing oil tankers into oil storage and proc-

essing units [5], which draws on some of the 

same ship retrofit resources.  
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Modification of existing ships requires 

gathering a large amount of input data to 

establish the actual location of existing 

equipment and systems, which often is dif-

ferent from what is shown on drawings from 

when the ship was built. In the past, the on-

board survey procedure involved taking pho-

tographs and measurements to update “as-

built” drawings in all arease likely to be af-

fected by new installations, for use to design 

the conversions with the minimum of impact 

on the existing ship and thus the lowest pos-

sible cost. 

Today, the classical process of data ac-

quisition is increasingly replaced by using 3-

D laser scanning technology in the areas of 

interest, generating input data called "point 

clouds". 

  

2. 3-D Laser scanning technology 

The technology behind the 3-D scanning 

process appeared around the 1960s [6]. The 

devices intended for the scanning process 

used light initially, only after 1985 was laser 

light was adopted. The laser light can be 

visible or invisible. When the light with 

which the 3-D laser scanning devices work is 

not perceived by the human eye, the beams 

are part of the infrared spectrum. The tech-

nology has evolved over the past decades, so 

today there are a number of devices and 

software  solutions on the market dedicated 

to "as-is" data collection and subsequent 

processing. 

 

 
Fig.1. Object-oriented scanning  

 

Basically, this technology is oriented to 

physical objects, see the approach from Fig. 

1, which are in the field of vision of the 

scanning device in order to scan the object by 

creating a field of close points produced by 

the laser beam emitted by the device. The 

position of each point in the three-

dimensional space is determined by measur-

ing the response time of the laser beam leav-

ing the scanning device to the scanned ob-

ject, and then returning to the scanning de-

vice. As a result of this scanning process, a 

"point cloud" results, which renders with 

high accuracy the physical object scanned 

from a dimensional point of view in a digi-

tized format. The "point cloud" containing 

"as is" information for a single scan can con-

sist of several thousand points to tens of mil-

lions of individual points, each point having 

its own information in a three-dimensional 

coordinate system [7]. 

The scanning device is working by send-

ing an infrared laser fascicle in the center 
of the rotating mirror, like in Fig. 2, which 
will hit the physical object and it is return-
ing to the mirror’s scanner, being re-
flected. 

 

Fig.2. Scanner’s laser fascicle principle [8] 

The mirror deflects the laser fascicle, due to 

360-degree angle moving of the entire de-

vice in the horizontal plane and 300-degree 

angle of the mirror moving around its own 

axis, as is presented in Fig. 3. 

The distance between the solid object 

and the 3-D  scanning equipment is deter-

mined using the phase shift technology of 

the infrared light waves. 
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Fig.3. Scanner’s mirror principle [8] 

3. CASE STUDY 

The process of scanning for engineering 

purposes is already used on a quite large 

scale, by companies world-wide. 3-D laser 

scanning is  already a common technique for 

modernization, repair and conversion activi-

ties in the shipbuilding industry [9].  

In the case of naval retrofit projects, the 

main challenge is to find suitable space in 

order to accommodate the new equipment, 

structure and systems, often needing a lot of 

space.  

The digital environment obtained after 

post-processing a number of laser scans, de-

pending on the size of the project, looks like 

in Fig.4. The total number of scans varies 

depending on the project requirements and 

represents a compromise between the desire 

to gather as much information as possible 

and the limitations imposed by: costs, access 

on board, delivery date, etc. 

 

 

 
Fig.4. Engine Room point cloud 

 

Fig. 5 shows comparable costs of a se-

ries of retrofit projects carried out by our 

company. The processes related to the sur-

vey, both classic and with the help of 3-D 

laser scanning techniques are: Preparing, 

Survey, Survey Data Processing, Retrofit 

Design Work, Retrofit Work, Cost of Retrofit 

Materials.  

 

 
Fig.5. Relative Cost of Retrofit         

Processes 

 

It is our experience that considerable reduc-

tions in both cost and time can be achieved 

by using point clouds compared to classical 

input for the subsequent design in the case of 

retrofit projects. 

Our experience shows a difference of up to 

22% in cost reductions, in the case of using 

3-D laser scanning.  

The cost related to the processes mentioned 

in Fig. 5 are represented in Fig. 6 in the case 

of a classic survey.  

The percent of classic survey project repre-

sents 28% of Total Labour Work for the 

processes  mentioned above. 

 

 

Fig.6. Additional cost for project in the case 

of using Classic Survey as a percentage of 

total retrofit man-hours 

In case of 3-D laser scanning survey the 

percent for processes presented in Fig.5 is 

© Annals of “Dunarea de Jos” University of Galati Fascicle XI- Shipbuilding,2019 
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9% of Total Labour Work calculated for this 

approach, Fig.7. 

 

 
 

Fig.7. Additional cost for project in the 

case of using 3-D Laser Scanning as a per-

centage of total retrofit man-hours 

 

As can be seen from Figures 6 and 7 

above, using laser scanning can significantly 

reduce the survey effort as a portion of the 

overall man-hours involved in a retrofit pro-

ject, thus reducing the overall cost. 

 

4. RESULTS AND DISCUSSIONS 

ICE is using Faro scanning technology 

for its projects, see fig. 8. 

The use of the 3-D laser scanning solu-

tion has proved to be a viable solution and 

has been adopted in the naval industry in the 

case of retrofit projects and sometimes in the 

case of conversion projects. 

Unfortunately, 3-D laser scanning is not 

commonly used in new ship construction, 

probably because decision makers are not 

well informed about the capabilities of the 

information resulting from such processes. 

Another consideration would be the ad-

ditional cost; however,  this cost comes with 

benefits such as: 

 Use the point cloud as a tool to 

check the quality of the works 

delivered by the shipyard. 

 Use of the point cloud as evi-

dence in the event of incidents 

occurring during the warranty 

period. 

 Use of point cloud for easier 

maintenance, including installa-

tion of systems / systems on 

board the ship in later stage. 

 Use of the information from the 

point cloud and of the photos to 

perform a 360 degree virtual 

tour onboard. 

 

 
Fig.8. ICE’s surveyor/scanner 

 

Weak points 

• Some laser systems are not in-

tended for use in sun or rain. 

• Accuracy of the data points is 

not perfect regarding the spatial 

positioning of all scans (in a 

large project) in relation to a 

given / chosen UCS. 

• Big data set of 3-D information 

requires considerable time and 

resources to process and post-

process. 
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• To make the information ready-

to-use requires numerous man-

ual actions of the user. 

• There may be problems when 

representing the edges from two 

or more different scans. 

• The difficulty to keep up to date 

with the latest improvements 

and developments, both soft-

ware and hardware. 

• Requires dedicated software 

due to the format in which the 

data is saved. 

• Expensive software applica-

tions and scanning devices. 

 

Strong points 

• Fast 3-D data collection proc-

ess. 

• Very useful for 3-D modeling, 

data inputs and visualization 

purpose. 

• Possibility to use 360 degree 

photography as "bubble views". 

• 3-D but also 2-D applicability 

for surfaces. 

• Efficiency in terms of the large 

volume of information col-

lected to a predictable accuracy. 

• Extensive technology develop-

ment due to research and de-

velopment projects worldwide 

[10]. 

 

5. CONCLUDING REMARKS 

Reverse engineering [11] combined with 

the benefits of 3-D laser scanning technology 

and post processing is ideal for processes like 

redesign, control and measurement, retrofit-

ting of existing systems or structures in the 

shipbuilding industry [12]. 

Taking into account the experience 

gained in more than several dozen scanning 

projects, we can say that laser scanning tech-

nology added value in the projects in which it 

was used as well as in a large number of en-

gineering projects in which “point clouds” 

data were used. We can recall several major 

ship conversion and modernization projects 

carried out years ago where we believe that 

this innovative technology could have  

streamlined the survey and modeling proc-

esses of existing information. 

The assuming and use of new technolo-

gies in a proactive attitude leads, on a short-

term basis, to the efficiency of some old 

processes and improvement of procedural 

issues. This will ultimately lead to the cli-

ent’s satisfaction. 

 

About us 
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ship research institute established over 50 
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dozens of retrofit projects and a series of 

conversions or major upgrades of vessels, 

from different fields: commercial, offshore, 

naval, etc. (www.icedesign.info) 
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