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Introduction
The USNA Museum houses the Roger’s Ship Model Collection, one of the premier collections of ship models in
the world. Many of the ship models are very old and extremely fragile. The need to measure and accurately
record the shape of the ship models recently became a reality due to advances in technology. A 3D model of
the ships would allow the creation of hydrodynamic test models and theoretical analysis of the ships
performance and stability. It would also be able to document the current condition of the model so that
changes over time could be identified. Measurements could also be made without contacting the model
therefore causing no damage. The museum has tried many methods without significant progress. Many of
these methods have not been successful because they were “line of sight” techniques and failed to define
the shape in the shadow of the reverse curvature that occurs on the surface of these models. A
photogrammetry technique was used but it required attachment of photographic targets to the model which
causes damage to the model. This projects aims to create a 3D point cloud of the model by taking photos of
the model and inputting them into different photogrammetry software.

LIDAR: Light Detection and Ranging
LIDAR is another way point clouds can be created. It can be
collected by planes using lasers; the laser beam is reflected by
the surface it encounters and a sensor records the range. LIDAR
generates precise, three-dimensional information about the
shape of the Earth and its characteristics. Handheld or close
range LIDAR systems can also be used to create point clouds of
smaller objects.

About the ship model

Methods

Step

Action

1)

Take photos of the USS
Greenwich model

1)

Upload photos to
photogrammetry
software

Program Utilized
iPhone 6 camera
(8-megapixel
iSight camera
with 1.5μ pixels
and
Canon EOS Rebel
T3i
Agisoft Photoscan

Result

Photogrammetry

-Scan 360 degrees and pick up the area from
a single locations (if the space is open)
-Expensive
-Requires a great deal of time to set up a
laser scanner and perform a scan

-Each image is limited to less than 90
degrees
-Relies on external light
-Relies on external light ( can only be done
during daylight hours) or lighting must be
taken into consideration
-Does not require much skill
Inexpensive

Results

The project used a ship model of the English 50-gun Fourth Rate ship Greenwich of 1699. It is part of the Roger’s
ship collection at the US Naval Academy museum. All the models in the collection were built at the same time and
place by the same persons who built the ship they represent. Many of the models in the museum constitute the
only surviving record of a ship. Photogrammetry was used because the models are very valuable and quite fragile.
Animal based adhesives used in the models break down over time. A measurement technique that does not require
physical contact with the model is preferred.
In order to create the point cloud photographs of the ship model needed to be taken. First , an iPhone was
used to take the pictures. Next the free open source software VisualSFM was downloaded and the photos
were uploaded into the software. VisualSFM created a point cloud of the ship it included many holes. It also
crashed when too many photos were used. The hypothesis was that the iPhone photos were not high enough
quality so a Canon EOS Rebel T3i was used. These photos were then uploaded into VisualSFM but the
software continually crashed because there was too many photos. Using fewer photos created a point cloud
with a lot of holes. A free trial version of a professional software Agisoft Photoscan was then downloaded.
This software created the final point cloud .

Lidar

Figure 1: Intelligent 3D world building
from mobile terrestrial LIDAR point clouds

The results of this project are a fairly accurate point cloud of the English 50-gun Fourth Rate ship
Greenwich of 1699 in the USNA Museum. For purposes of this project an accurate point cloud is
one with minimal blank spaces in the point cloud. To fill in the blank spaces that do exist more
photos could be added to the software. When using the free open software (VisualSFM and
Meshrecon) accurate point clouds were only able to be created when using a small number of
pictures. The software crashed when using about 50 or more photos . It may be possible to create
point clouds of smaller parts of the ship and then piece them together. Since the open source
software was not creating accurate enough point clouds a free 30 day trial version of Agisoft
Photoscan was downloaded.To buy Agisoft Photoscan for educational purposes the cost is $549 for
the professional edition and $59 for the standard edition for 12 months of use. It is not surprising
that Agisoft Photoscan software worked much better than free open source software. If it is
deemed worthwhile to create point clouds of ship models in the museum it is recommended to
buy professional software such as Agisoft Photoscan.

Photo

Conclusion

About 150 quality
photos of the ship
model

This project produced extremely useful results that can be used in the U.S. Naval Academy museum on all
models. In the future it may be possible to create point clouds off all the models in the USNA museum.
These point clouds could be gathered in a data base and used instead of the actual ship models to take
measurements from.

Photos uploaded
into the software

Figure 2: Photograph of the HMS Greenwich model ship taken with a
Canon EOS Rebel T3i
1)

Photographs Alignment

Agisoft Photoscan

A sparse point
cloud and a set of
camera positions
are formed

1)

Resize region

Agisoft Photscan

Gets rid of
unimportant points
that were picked
up on a floor, wall,
or ceiling around
the object

1)

Building dense point
cloud

Agisoft Photoscan

Based on the
estimated camera
positions and
pictures
themselves a dense
point cloud is built

1)

Build mesh

Agosoft Photoscan A 3D polygonal
mesh representing
the object surface
based on the dense
point cloud is built

1)

Export to Cloud
Compare

Cloud Compare

Exports the point
cloud to a new
software so more
analysis can be
done

1)

Build slices of the point
cloud

MicroDem

Shows the
thickness of the
point cloud at
different spots

Figure 2: Point Cloud of the HMS Greenwich ship model
created using VisualSFM

Figure 3: Point Cloud of the HMS Greenwich
ship model created using Agisoft Photscan

Steps to Create the Point Cloud with VisualSFM
1. Take pictures from all angles of the ship model.
1. Any camera may be used but higher quality works
better. For this project a Canon EOS Rebel T3i was
used.
2. High quality pictures with no shadows are better
2. Download VisualSFM at ccwu.me/vsfm
3. Download Yasutaka Furukawa’s PMVS/CMVS tool for dense
reconstruction
4. To build a point cloud in VisualSFM follow these steps:
1. Open + multiple images
2. Compute missing matches
3. Compute 3D reconstruction
4. Run dense reconstruction

References:
www.agisoft.com/downloads/request-trial
http://www.usna.edu/Museum/collections/rogers/

Figure 5: Slices of the point cloud created using
Microdem

