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Abstract: 
In the cultural heritage field the recording and documentation of small and medium size objects with very 
detailed Digital Surface Models (DSM) is readily possible by through the use of high resolution and high 
precision triangulation laser scanners. 3D surface recording of archaeological objects can be easily 
achieved in museums; however, this type of record can be quite expensive. In many cases photogrammetry 
can provide a viable alternative for the generation of DSMs. The photogrammetric procedure has some 
benefits with respect to laser survey. The research described in this paper sets out to verify the 
reconstruction accuracy of DSMs of some archaeological artefacts obtained by photogrammetric survey. 
The experimentation has been carried out on some objects preserved in the Petrie Museum of Egyptian 
Archaeology at University College London (UCL). DSMs produced by two photogrammetric software 
packages are compared with the digital 3D model obtained by a state of the art triangulation colour laser 
scanner. Inter-comparison between the generated DSM has allowed an evaluation of metric accuracy of the 
photogrammetric approach applied to archaeological documentation and of precision performances of the 
two software packages.  

1.BACKGROUND 
The conservation of cultural heritage by the reconstruction of three-dimensional models continues to be an 
area for constant development and evolution by a wide variety of contributing scientific communities. 
Driving forces behind this great interest include: documentation in case of destruction or damage; creation of 
virtual museums and tourism; teaching and learning; conservation and restoration. Whilst ultimately fields 
will merge, currently the most common 3D surface recording techniques can be divided into two main 
categories: photogrammetry and laser scanning. 
Whilst both techniques have their advantages, critical evaluation is often biased by the capabilities of the 
deployed systems and the individuals using them. In particular the use of image based techniques requires 
rigorous photogrammetric bundle adjustment, supported by metric survey if both precision and accuracy are 
to be maintained [1]. Two key issues need to be considered when applying either technique. The first is in 
optimising capture to minimise occlusion which give rise to holes in the data. In the case of a triangulation 
laser scanner both sensor and laser must “see” the same surface; hence the base separation and spot 
separation will dictate the variation in surface form that can be captured. In the photogrammetric case 
occlusions between images will similarly give rise to "holes" in the data and variable image quality will 
contribute to geometrical error and "noise" in the reconstructed surfaces. Optimization of the 
photogrammetric process to ensure good results commences with careful in the preliminary stages (camera 
calibration and image orientation) combined with object selection to avoid failure cases in objects where 
surface detail and contrasting texture are absent. Secondly, surface finish is a critical issue for all optical 
recording technique. In both laser scanning and photogrammetry light must be reflected back from the 
surface to be recorded into a camera. In the case of scanning the geometry and intensity of the light are 
defined by the scanning configuration and, in the better systems, feedback based on the amount of light 
received at the detector. The photogrammetric technique will more typically deploy a photographic lighting 
setup, or even ambient light in the recording process. In either case specular reflections, particularly from 
metallic or dark shiny stone finishes will cause practical challenges.  



 

The study described in this paper was carried out as part of activities for the creation of 3D models on 
archaeological finds of small and medium size in order to investigate the performance of different 
photogrammetric software in comparison to a state of the art laser scanning system. Results have been drawn 
from 3D surveys of a number of archaeological finds preserved in the UCL Petrie Museum of Egyptian 
Archaeology. The objects examined were: a lid of a stone canopic jar (ca. 20 cm x 20 cm), a funerary cone 
(ca. 14 cm x 14 cm) and a cartonnage mask (45 cm x 30 cm x 9cm). The first two objects were imaged with 
both laser scanning systems and photogrammetry, whilst the cartonnage was too fragile to manipulate and 
was imaged in-situ with photogrammetry. A photogrammetric inter-software comparison was made between 
DSMs (Digital Surface Model) computed with two commercial systems and one research orientated system. 
The commercial systems included BAE SocetSet which is optimised to produce mapping products, whilst the 
academic system was Dense Matcher developed by Parma University.  For the two smaller objects, resulting 
DSM were compared to the dense point cloud generated by the high precision (ca. 20 µm depth uncertainty) 
Arius3D laser scanner (housed at UCL) to evaluate their metric accuracy.  

2. OBJECT SURFACE RECORDING 

2.1 3D Colour Laser Scanning  
The funerary cone was 3D colour laser scanned using a recently upgraded Arius3D ‘Foundation Model 150’ 
Colour Scanner, which is unique in Europe, to create detailed object ‘fingerprints’ of a range of artefact 
types. The scanner, held in partnership between Arius3D and UCL, is able to deliver 3D coloured point data 
at a sampling interval of 0.1mm (~250 dots per inch) with a range accuracy of better than of 0.020mm 
[2].The scan head delivers XYZ, RGB and surface normal data along a 50mm profile which is driven across 
the object surface by the controlled motion of a Coordinate Measurement Machine (CMM). The CMM 
scanning volume allows objects of up to 90cm x 50cm to be scanned. The scanner collects 3D geometry 
information through the use of a laser triangulation system, whilst colour is collected by analysis of the 
reflected light from Red, Green and Blue lasers at 638 nm, 532 nm, and 473 nm. These capabilities confer 
the project with the ability to produce state of the art 3D surface models which have a level of geometric and 
colour standardization that are well suited to museum recording. Laser scanning, as with all optical 
techniques, is dependent on the interaction of the surface to be recorded with light. The highly directional 
nature of the laser illumination and narrow acceptance angle of the detector in the triangulation geometry 
favour surfaces which reflect incident light in a diffuse or Lambertian way. Specular surfaces, particularly 
polished metals, present real difficulties that either saturate the senor or result in the sensor receiving 
insufficient light from the surface to make a record. Such optical properties are not only dependant on the 
surface and imaging geometry but also on the wavelength of the light used to make the recording. State of 
the art systems such as those from Arius3D, are highly capable of recording the geometry of many different 
surfaces, but require a combination of artistry and science for the successful reconstruction of colour 
captured from disparate views. Most scanning systems have a workflow that is designed to convert point 
cloud data into triangulation based models for subsequent visualisation and dissemination. However work on 
the UCL led E-Curator project has demonstrated that heritage professional / digital object interaction can be 
efficiently delivered from coloured point cloud data where geometry, colour and point based surface normals 
are combined with splat based point rendering [3]. In our case this is achieved through the use of the 
Arius3D Pointstream software [4], but there are a growing number of point rendering alternatives. 

3.  PHOTOGRAMMETRIC SURVEY 
Photogrammetric data capture follows a common methodology and is distinct in philosophy from most 
computer vision approaches in that the captured imagery and content are designed from a metric standpoint. 
First a geometry or network design is performed to ensure that the number and location of the images to be 
used are appropriate to produce accurate results. Several issues influence the quality of the final result. Key 
are: the availability of known control points and/or scale in the field of view of the imaging systems and 
choice of, image resolution and image scale to ensure that fine surface detail can be recorded for subsequent 
image matching and visualisation. If well designed, it is the ability to record fine detail which can allow 
photogrammetry to easily surpass the data that can be captured with the majority of laser scanning systems. 
This is because laser scanning systems are limited in spatial resolution by both their projected laser dot 



 

diameter which are typically of the order of 50 to 250 microns and the capability of the motion system 
directing the scanner to capture in a spatially regular manner. 

3.1 Orientation software description 
To orient the image blocks and optionally carry out camera calibration many different software tools are 
available from both commercial and research sources. For the work carried out in this paper the following 
tools were  based on their availability in Padova, Parma and London. 

PhotoModeler is a digital close-range photogrammetry program that allows 3-D models to be constructed 
from digital images. The system is used for camera calibration and for the digital orientation and restitution 
of photographs During processing, PhotoModeler (PM) computes the orientation of each image calculating 
the location and angle of the camera for each photo. PM was used principally because it is a well established 
solution, however it should be noted that it also allows metric constraints in the form of inter-distances 
between features to be included in the calculation of the bundle adjustment. In our recording process circular 
targets were located around the object to be measured and their inter-distances measured with digital calliper 
to accurately scale the resultant model and strengthen the photogrammetric adjustment.  

Vision Measurement System (VMS) has been established for some 15 years as a tool for engineering 
photogrammetry having been compared against many other metrology systems in both industrial and 
biological applications [5]. The software supports photogrammetric simulation, self calibrating bundle 
adjustment with both basic and extended parameter sets, fully automatic target image measurement and the 
ability to produce geometrically corrected images so that the subsequent matching process does not need to 
consider the geometric nuances of the best fitting camera calibration parameter sets. The software also 
supports the use of inter-distances and directions between targets and features as part of a rigorous bundle 
adjustment process. 

EyeDEA has been developed in the last year at DICATeA. Unlike the previous software, EyeDEA is capable 
of automatically orientating a generic close-range image sequence using Structure From Motion (SFM) 
algorithms.  Also, a Graphical User Interface (GUI) allows the user to measure image points manually or 
semi-automatically (i.e. the user selects points on one image and the software automatically finds - through a 
matching procedure- the homologous points on the other images of the block); the user can perform a bundle 
adjustment of the whole image block or process just a part; the user can also define which images make a 
sequence and then process them using our SFM code [6] that implements the SURF operator and SURF 
feature descriptors. 

3.2 Matching software description 
To generate the DSMs using Matching Algorithms both commercial and in-house matching systems were 
applied: 

Dense Matcher is a software package developed by Parma University based on the classical area-based 
Stereo Algorithm.  The program is able to detect homologies between one reference (master) images and 
their correspondent (slave) images. The detection is performed using different matching windows for the two 
images. The best results are obtained with the Least Squares Matching (LSM) method. In the case of 
multiple images, however, the Multi-Photo Geometrically Constrained Matching (MGCM) method 
introduced by [7] exploits the redundancy of the information present in more than two images.  
SocetSet by BAE systems is a digital mapping software application. The software works with digital 
airborne, satellite and terrestrial imagery data and includes multi-sensor triangulation, several matching 
algorithms and the capability of generating a range of image based products [8]. For this research the 
software has been applied to generate a surface model from the photogrammetric images using its Next-
Generation Automatic Terrain Extraction (NGATE) module. NGATE is an advanced tool for automatic 
DSM generation utilising combined area and edge matching. The software is capable of matching each pixel 
in both forward and back matching processes and can deploy break lines to delineate major surface 
discontinuities. 
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