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REPORT OF THE SCIENTIFIC INITIATIVE  

 
1. INTRODUCTION AND PARTNERSHIPS 

 

Photogrammetry is facing new challenges and changes and the Scientific 
Community is replying with new algorithms and methodologies for the automated 
processing of imagery. However, such advances are often limited to in-house 
research activities due to the intrinsic difficulties of reliably and efficiently 
implementing such solutions and/or the prior theoretical knowledge required for a 
proper use. Therefore non-expert users outside the field of photogrammetry have 
difficulties to access these solutions and apply them to their specific applications to 
support their problem solving and decision making. However, trying to 
"universalize" the workflow from 2D to 3D from any image acquired in any situation 
by non-expert users is not an easy task, especially in situations where the 
geometric constraints and radiometric conditions are complex. Some existing one-
click solutions are ideal for non-experts but they lack of transparency, reliability, 
repeatability and accuracy evaluation. 

With the aim of providing a solution in this context, an open photogrammetric 
platform, called GRAPHOS (inteGRAted PHOtogrammetric Suite), has been 
developed. GRAPHOS allows to obtain dense and metric 3D point clouds from 
images and it encloses robust photogrammetric and computer vision algorithms 
with the following aims: (i) increase automation (allowing to get dense 3D point 
clouds through a friendly and easy-to-use interface); (ii) increase flexibility 
(working with any type of images and cameras); (iii) improve quality (guaranteeing 
high accuracy and resolution). Last but not least, the educational component has 
been reinforced with some didactical explanations about algorithms and their 
performance. In particular, the expert user can test different advanced parameters 
and configurations in order to assess and compare different approaches. 

The project has been led and managed by USAL in collaboration with UCLM, FBK 
and Bologna University who supported the image preprocessing, photogrammetric 
processing, dataset creation and system evaluation. The secret of success has been 
to find a multidisciplinary and international team with experience in image 
analysis and close-range photogrammetry in order to design and develop an 
efficient and robust pipeline for automated image orientation and dense 3D 
reconstruction.  

 

2. OBJECTIVES 
 

This main goal of the project was to advance with the development of an all-
purpose open-source photogrammetric platform. The project aims to bring 
photogrammetry and computer vision even more closer realizing an open tool which 
integrates different algorithms and methodologies for automated image orientation 
and dense 3D reconstruction. Automation is not be the only key-driver of the tool 
but feature precision, reliability, repeatability and guidelines for non-experts are 
also considered. The tool wants to provide an easy-to-use and ease-to learn 
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HIGH

Paraglider Tolmo 
Aerial 

archaeology 
LOW  58  5616  3744  21.0  EOS 5D mkII  5 0mm 

Portico  Architecture  MEDIUM  48  4608  3072  14.2 
Nikon 
D3100 

18 mm 

Presa_Lodos 
Aerial 

engimeering 
LOW  27  4032  3024  12.2  E‐P1  14 mm 

SanNicolas  Architecture 
VERY 
LOW 

6  4032  3024  12.2  E‐P1  14 mm 

SanSegundo  Architecture 
VERY 
LOW 

4  4752  3168  15.1  Canon 500D  17 mm 

Skull_Fontanela  Forensic  LOW  15  4608  3456  15.9  E‐PM2  42 mm 

Skull_Ring  Forensic  HIGH  43  4752  3168  15.1  Canon 500D  19 mm 

Skull_Stripe  Forensic  LOW  7  4752  3168  15.1  Canon 500D  17 mm 

Subtation  Engineering 
VERY 
HIGH 

24  4752  3168  15.1  Canon 500D  17 mm 

Thermal_EPSA  Others 
VERY 
HIGH 

17  640  480  0.3 
NEC 

TH9260 
41.7 mm 

Thermal_Roofs  Others 
VERY 
HIGH 

7  640  480  0.3  FLIR SC655  24.6 mm 

UX5  Urban aerial  LOW  21  3264  4912  16.0  NEX‐5R  15 mm 

Welding  Engineering  LOW  25  4752  3168  15.1  Canon 500D  50 mm 

Primiero  Urban aerial  LOW  9  6048  4032  24.4  Nikon D3x  50 mm 

Muro  Architecture 
VERY 
LOW 

24  4608  3072  14.1 
Nikon 
D3100 

35 mm 

Column  Architecture  LOW  14  2816  2112  5.9  DSC‐W30  6.3 mm 

Chigi  Architecture 
VERY 
LOW 

26  4416  3312  14.6  Canon G10  6.1 mm 

Ventimiglia 
Aerial 

archaeology  
MEDIUM  80  6048  4032  24.4  Nikon D3x  50 mm 

 

Width (mm) Height (mm)

E‐PM1  17.3333  13 

E‐PM2  17.3333  13 

Lumia 1020  8.8  6.6 

Cam  unknown  unknown 

Canon 500D  22.35  14.9 

EOS D60  22.35  14.9 

XperiaL  5.72  4.29 

EOS 450D  22.2  14.8 

EOS 5D mkII  36.0  24.0 

UltraCamXp  67.86  103.86 

MCA6  6.66  5.32 

Nikon D3100 23.1  15.4 

E‐P1  17.3333  13 

NEC TH9260  16  12 

FLIR SC655  10.88  8.16 

NEX‐5R  23.4  15.6 

Nikon D3x  36  24 

Canon G10  7.44  5.58 

DSC‐W30  5.8  4.3 

 

Table 2. Sensor dimensions of the different cameras used for data acquisition. 
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Tapioca: It is a combined keypoint detector, descriptor and matching 
strategy. The keypoint detection and description strategy is based on the 
SIFT algorithm developed by (Lowe, 1999) which allows a scale invariant 
feature transform.  
 
ASIFT:  It is a keypoint detector developed by (Yu and Morel, 2011). ASIFT 
considers two additional parameters that control the presence of images 
with different scales and rotations. In this manner, the ASIFT algorithm can 
cope with images displaying a high scale and rotation difference, common in 
oblique scenes. The result is an invariant algorithm that considers changes 
in scale, rotations and movements between images.  
 
MSD: It is a keypoint detector developed by (Tombari and Di Stefano, 2014) 
which finds maximal self-dissimilarities. In particular, it supports the 
hypothesis that image patches highly dissimilar over a relatively large extent 
of their surroundings hold the property of being repeatable and distinctive.   
 
Once the keypoint are extracted, a matching strategy should be applied to 
identify the correct image correspondences. GRAPHOS contains three 
different matching strategies, independently from the protocol followed in 
data acquisition: 
 
- Tapioca: The matching strategy of this method applies a classical matching 
strategy based on the L2-Norm to find the point with the closest descriptor 
for each keypoint extracted in the initial image. Moreover Tapioca allows two 
select two strategies: (i) for unordered image datasets, the keypoint 
matching is recursively calculated for all possible image pairs; (ii) for linearly 
structured image datasets, the matching strategy can check only between n-
adjacent images. 
 
- Robust matcher approach: In this case a brute force matching strategy is 
used in a two-fold process: (i) first, for each extracted point the distance 
ratio between the two best candidates in the other image is compared with a 
threshold; (ii) second, those remaining pairs of candidates are filtered by a 
threshold which expresses the discrepancy between descriptors. As result, 
the final set of matching points is used to compute the relative orientation 
(fundamental matrix) between both images, re-computing the process in 
order to achieve optimal results. Additionally, and if the number of matched 
points is high, a filtering based on the n-best according to their quality 
ranking can be applied, making easy and more robust the next step of self-
calibration and orientation. 
 
- FLANN: this is optimal and alternative method useful in those cases where 
the number of extracted keypoints is pretty high. It similar to the previous 
method but it optimizes the computation time. 
 

4. Self-calibration/Orientation. Self-calibration and image orientation are 
fundamental pre-requisite for the successive dense point cloud generation. 
Additionally, GRAPHOS includes different well-known radial distortion profiles 
(i.e. Gaussian, Balanced) together with a conversor to export the calibration 
results to the most common close-range commercial tools such as 
PhotoScan and PhotoModeler. As a result, different comparisons and analysis 
can be carried out through different tools. 
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