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ABSTRACT:

The photogrammetric treatment of images acquired on a linear axis is a problematic case. Such tricky configurations often leads to
bended 3D models,  described as a bowl effect, which requires ground measurements to be fixed. This article presents different
solutions to overcome that problem. All solutions have been implemented into the free open-source photogrammetric suite MicMac.
The article presents the lasts evolutions of MicMac's bundle adjustment core, as well as some extended calibration models and how
they fit for the camera evaluated. The acquisition process is optimized by presenting how oblique images can improve the accuracy
of the orientations, while the 3D models accuracies are assessed by producing a millimeter accurate ground truth from terrestrial
photogrammetry.

1. INTRODUCTION

Unmanned  Aerial  Vehicles  (UAV)  have  been  stubbornly
standing  as  a  trendy  topic.  By embarking  a  consumer  grade
camera on a small UAV, it is possible to photograph a site to
organize  its  surveillance.  On  the  other  hand,  the
photogrammetrist and computer vision communities have been
working  closer.  A high  automation  degree  has  been  reached,
such as many software can turn automatically a set of pictures
into  a  visually  good  looking  3D model.  The combination  of
both technologies is very promising, but still faces challenges
(Remondino et al., 2011).
Compagnie  Nationale  du  Rhône  (CNR),  a  hydraulic  energy
producer  and the concessionary of  the  Rhône  river,  set  up  a
partnership with IGN, the French Mapping Agency, to organize
a metrological monitoring of its dykes. Such linear structures
are  problematic  for  the  3D  reconstruction  using
photogrammetry, as they engender what is described in (James
et al., 2014) as a bowl effect.
The  objective  is  to  acquire  images  using  light  and  low-cost
aerial  means,  and  to  produce  3D  models  with  an  accuracy
within  one  centimeter.  By comparing  3D models  acquired  at
different  times,  the  industrial  wishes to  detect  early signs  of
possible weakness in its dykes, and prevent further damages.
This paper aims to present a method than can be used to assure
a very fine  accuracy on  linear  work,  and  that  minimizes the
amount of Ground Control Points (GCP) required - one for each
100 meters long. Photogrammetric treatment are done through
MicMac, the free open-source photogrammetric suite developed
at  IGN,  in  which  all  the  evolutions  presented  have  been
implemented. A typical workflow describes the procedure in the
Appendix.
After a presentation of the acquisitions and the advantages of
using UAV photogrammetry instead of other technologies, the
article  focuses  on  the  problematic  image  processing.  The
improvements integrated into MicMac's bundle adjustment core
will be presented.
In  the  second  part,  extended  calibration  models  will  be
introduced  and  their  interest  assessed.  A  three  step  auto
calibration process is proposed to minimize Check Points (CP)
reprojection  errors  before  any  compensation  on  the  GCP,  in

which a non radial  correction is stacked over a radial  camera
model.
An innovative way to correct external orientations from GCP is
presented.  Finally,  some accuracy assessment  and  results  are
exposed to demonstrate the effectiveness of the solution.

2. DATASETS

Figure  1:  Both  datasets  are  made  of  a  mix  of  vertical  and
oblique  images,  acquired  on  two  parallel  strips.
2015 acquisition (up) overlaps the 2014 (down)
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Figure  2: Perspective view over a ground control zone (GCZ)
and the 35 images acquired to produce it

La  Palliere's  dyke  is  a  structure  subject  to  a  reinforced
monitoring.  Visual  surveillance,  combined  to  topographic
leveling and piezometric measurements are deployed to monitor
a subsidence  zone.  The 1200  meters  long  structure  has  been
used  as  a  test  site,  on  which  two  acquisitions  have  been
conducted, in 2014 (only 600 meters long) and 2015 with a nine
months interval between each.
Each dataset  is made of  an Unmanned Aerial  Vehicle  (UAV)
acquisition, 45 GCP and 10 Ground Control Zones (GCZ), both
evenly distributed along the profile. A GCZ is a roughly 2x2
meters  rectangular  area,  delimited  by  5  GCP,  and  on  which
terrestrial  images have been acquired to produce a millimeter
accurate ground truth.
The UAV acquisition has been realized with a rotary wing UAV,
embarking  a  Sony  DSC-RX1.  Two  parallel  axis  have  been
realized, with a transverse and longitudinal overlap of 80%. By
flying at 60 meters high,  the resulting vertical images have a
resolution of 1 cm. Oblique images have been acquired with the
same flight plan, the gimbal tilted at 45°.
French  authorities  have  set  standards  governing  the  use  of
civilian  UAVs.  As  a  result,  four  flying  scenarios  have  been
created, with a growing complexity of use and certification. The
first scenario is the most simple to access, it requires the pilot to
remain  within  100  meters  from its  UAV.  Therefore  multiple
flights can added from after another,  and the complete survey
can be done in 6 flights, requiring around two hour.
The most time-consuming task is about setting up and surveying
the GCP. While many research focus on integrating RTK-GNSS
receiver on these platforms (Stempfhuber et al., 2013, Jones et
al., 2014), this work focuses on how to minimize the amount of
GCP required by applying a proper photogrammetric treatment.

3. DATA PROCESSING

3.1 Bowl effect

Critical configurations have been the recent object of multiple
studies (Nocerino et al., 2013, Nocerino et al., 2014, James et
al.,  2014,  Wu,  2014).  These  studies  have  shown  that  the
photogrammetric  treatment  of  linear  acquisitions  can  be
problematic.  By leading  to  a  bad  estimation  of  the  camera's
internal  parameters,  the  result  is  an  inaccurate  3D  model
requiring many ground measurements to be fixed.
The MicMac suite has been used for all the following results. It
integrates,  via  the  Tapas  interface,  five  classical  distortion
models (Table 1). After a tie point automatic detection based on
(Vevaldi,  2010)  C++  Sift  implementation,  with  images
subsampled by a factor  4,  the orientations  of vertical  images
have been determined by using each camera model alternatively.
Before  any  compensation  on  the  GCP,  the  orientations
accuracies can be assessed by analyzing the evolution  of the
reprojection error along the dyke. When using improper camera
model  and  a  poor  network  made  of  vertical  images,  the
estimated set of orientations can be bended, which is described
in the literature as a bowl effect, and illustrated by Figure 3.

Figure 3: Evolution of the altimetric reprojection error of check
points along the profile, for different camera model
applied  on  dataset  2015.  The  bowl  effect  is
characterized  by  a  parabolic  drift  of  the  resulting
orientations.  Different  calibration  models  implies
different drifts, which are minimized for the camera
tested by using the most complex characterization of
the optical deformations.

To correct this drift, two strategies are possible :
• set up, survey, and use ground measurement;
• improve of the aerotriangulation estimation.

Depending  on  the  accuracy  targeted,  the  first  option  might
imply a high amount of field work. However a high drift will
require  a lot  of measurements to be fixed.  Their amount  and
distribution along the profile are not easy to forecast. It is also
not always possible, as working with historical images, or when
the UAV surveys a structure inaccessible from the ground.
The improvement of the bundle  adjustment  is a solution  that
combines all the advantages.

3.2 MicMac's bundle adjustment evolutions

Bundle block adjustment is the problem in which the positions
and orientations of a set of cameras are determined from a set of
homologous points. As a non linear problem, it can be solved by
iterations of the least-square method, in which a cost function
quantifying  the  gap  between  bundles  is  minimized  (Pierrot-
Deseilligny, 2011).
A first couple of images is oriented using the essential matrix
algorithm,  or  more  probably  the  space  resection  algorithm if
there is a sufficient amount of homologous points. Including an
initial basic camera model, images are added by small groups,
following an optimal tree built along a criteria giving advantage
to the stability to avoid divergences.
Once the whole set of images is oriented, the camera model is
released and the unknowns of calibration appear as unknowns
in the least square problem. Iterations are done to minimize the
solution until the convergence is reached.
Until  mid  2014,  the  convergence  was  reached  after  a  fixed
amount  of  iterations  that  could  be  defined  by  experimented
users. It is now considered reached when the ratio between  d
(the displacement in euclidean geometry of a homologous point
reprojection  between two iterations)  and  D (the depth  of the
scene) is lower than 1.10-10.
The Levenberg-Marquardt  algorithm (Moré,  1978)  is  used  to
add  a  viscosity  coefficient  on  the  unknowns  between  the
iterations.  It  helps  to  find solutions  even if  the initial  values
given  to  the  unknown  are  far  from  the  ground  truth.  The
viscosity coefficient has to be determined properly :

• too high, it will lead to divergences;
• too low, it will converge to a wrong solution.

The  initial  coefficient  was  not  optimal.  Some  experiments
proved that it was too low. A higher criterion has been fixed, as
well as a small one on the internal parameters. These evolutions
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