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Moderador
Notas de la presentación
TO get an idea about how such a sequence may look like the upper right video shows an animation of a UAV-flight we took of the backside of the Welfenschloss in Hannover which is the main building of the university. It consists of still images taken in a distinct time intervall. This is just a subset of the sequence we get of a whole flight. The lower left video shows the result we obtain by our implementation. In green you can see the trajectory of the UAV depicted by the image planes and the points are the tie points used for which we simultaneously estimate the 3d information. As we deliver the estimation whenever a new image is taken .. 
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•
 

incremental orientation
•

 
real time compatible

•
 

(adaptive) exploration of new (unknown) 
environment
•

 
cartography

•
 

modelling
•

 
a new approach
•

 
image orientation is an ill-posed problem

•
 

improvement by using convexly optimised initial 
values

Experiments

Moderador
Notas de la presentación
We are using an incremental orientation meaning that the observations and parameters are build up with every new image taken. Hence the estimation has to be real time compatible. That means that the estimation of the orientation at time T only depends on data that is collected until that time T. The estimation results can be used for the exploration of an unknown environment for cartographic or modelling purposes. By the term ‚a new approach‘ we want to show the improvement that can be achieved by introducing principles of convex optimisation into the esimation process. How this works is explained in more detail in the methodology section
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Moderador
Notas de la presentación
After this short motivation about what we want to show with this work I will shortly present the hardware setup that we used for our experiments. After that as I have promised there will be a theroretical section about the convex point intersection and the incremental bundle adjustment. Finally I will show some more experimental results and give a conclusion and some future prospects
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•
 

Microdrones md4-200 VTOL Quadrocopter
•

 
max. payload: 200g

•
 

max. flight duration: 30min
•

 
cruising speed  ~5m/s

•
 

GPS, SBAS, IMU, Magnetometer, Barometer
•

 
Canon Powershot S110
•

 
weight: 200g

•
 

resolution: 720 x 576 px
•

 
transmission: e. g. WiFi SD-card
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Hardware
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Moderador
Notas de la presentación
PAL = phase alternating line
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Moderador
Notas de la presentación
Now i come to the main part of my presentation the methodology in which i will firstly explain the workflow we follow.



as soon as 3 images are available the computation starts with extracting SIFT keypoints.

these keypoints are matched based on pairwise matching with a double cross check  for instance

nevertheless we compute a trifocal tensor in the manner of a RANSAC algorithm to get rid of all remaining outliers and to achieve initial values of the relative orientation

having the orientation of the images we can perform a triangulation of the homologous points to gain initial values for a robust bundle adjustment

robust in this case means, that observations are weighted dependend on their residual which allows us to find outlier and exclude them from further processing

the new incoming image must be annexed to the existing model defined by the first image triplet

again keypoints extracted and then matched to the two already oriented images based on the points measured in these two images

since these points are known from the previous bundle adjustment the image can be oriented by spatial resection.

independet from this again new matches of these three images are computed, triangulated and validated by reprojection to extend the existing pointcloud and allowing subsequent images to be annexed

the estimation of the new parameters and the improvement of already estimated parameters are now performed in an incremental bundle adjustment
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Moderador
Notas de la presentación
the first image triplet plays a key role in the whole implementation since it defines a local coordinate system… imagine…



Institut für Photogrammetrie und GeoInformation

Convex spatial intersection
Contents Motivation Hardware Methodology Conclusion

•
 

spatial intersection not always has a unique 
solution

•
 

objective: minimise reprojection error

subject to a convex set defined by halfspaces of 
involved image planes

Experiments

Moderador
Notas de la presentación
Why do we need convex spatial intersection. Of course if we had perfect observations with no noise solving the spatial intersection problem is quite trivial. 

But Since all observations are affected by noise the projection rays do not intersect in one common point. and obtaining the best estimate of the object point is not always easy. 

For instance in the case of three images taken from different distances and angles taking the midpoint  with a minimum distance to the three projection rays may lead to rather large residuals. 

The normal procedure is to find a point that projects most nearly to the observation. Most nearly in this case means that we are interestend in minimising the reprojection error which is the distance between the observed point and the projected point in some norm m. 

As a constraint we say that the point has to lie in front of all cameras the point was observed in. 

Hence we have a convex set and now lets have a look at our objective function.
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Convex spatial intersection
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•
 

reprojection error in image i is a quasiconvex 
function

•
 

minimising reprojection error in images i = 1, …, N
 how quasiconvexity behaves?

dZ

Experiments

Moderador
Notas de la presentación
The reprojection error in one image is a quasiconvex function independent of what norm we take so if ist a euclidean distance or a manhatten distance for instance.

Quasiconvex means that the function like a convex one only has one minimum. 

The difference is that the curvature of the function may become negative. In fact that means that the gradient can become zero and that the function has stationary points which are not the minimum of the function. Such a quasiconvex problem can be used by a bisection algorithm for example.



In fact we want to minimise the reprojection error not only in one image but in all involved images. In a least squares estimation which I define as the normal case one would take the sum of the individual reprojection errors of each image 
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•
 

how quasiconvexity behaves?

Experiments

[Schneider, 2011]
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•
 

using L∞norm  quasiconvexity is preserved

Experiments
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•
 

using L∞norm  quasiconvexity is preserved

Experiments
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Further triplets
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incremental 
bundle adjustment

I II III
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Experiments
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Incremental bundle adjustment

•
 

two different types of parameters
1.

 
parameters related to already estimated 
unknowns

2.
 

parameters related to unknowns that are 
estimated for the first time

Contents Motivation Hardware Methodology Experiments Conclusion
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Settings
•

 
camera calibrated before flight

•
 

setting: Welfenschloss Hannover
•

 
images collected in a fixed time interval
•

 
three separate flights each consisting
of about 250 images

•
 

number of observations limited based on 
distribution in the image 

•
 

old images are eliminated based on number of re-
 measured points

Contents Motivation Hardware Methodology Experiments Conclusion
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Results
•

 
point/image distribution
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Results
•

 
sparse point cloud and image orientation
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Results
•

 
precision of the bundle adjustment
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Results
•

 
point cloud comparison
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Conclusion
•

 
incremental adjustment allows 
•

 
estimation of new parameters

•
 

improvement of estimated parameters
•

 
computation time highly depends on the number of 
newly found object points 
•

 
limitation of number of observations necessary

•
 

nearly constant due to incremental bundle 
adjustment (~10s/image  non-optimised

 covariance estimation)

Contents Motivation Hardware Methodology ConclusionExperiments
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Conclusion
•

 
convex optimisation shows promising results
•

 
improved initial values

•
 

distribution of object points in space
•

 
future challenges
•

 
unstable solution/drift  loop closure in on-line 
mode

•
 

absolute orientation of the model  integrate 
telemetry data

•
 

solid reference model  terrestrially
 measured/defined in a global coordinate system

Contents Motivation Hardware Methodology ConclusionExperiments
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Thank You!
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