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UAV Photogrammetry 

Ç Aerial photogrammetry with non-traditional platforms carrying data capturing sensors for 

geomatics and robotics applications 

Ç Platforms: balloons, airship, kite, model helicopter (electric or engine), fixed/rotary wing 

aircraft, solar powered, etc. 

Ç Platforms with navigation units on board, digital camera or active sensors (laser scanner, 

Kinect) 

Ç Payload constraint 

Ç Different open-source systems 

[Neubronner, 1903] [Wester-Ebbinghaus, 1980] [Whittlesley, 1970] [Eisenbeiss, 2004] 
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UAV applications and features 

ÇApplications: 

ü 3D surveying and mapping 

ü Archaeological documentation 

ü Monitoring (environment, fires, energy fluxes, high risky situations, etc.) 

ü Precision farming 

ü 3D city modeling 

ÇPossibility to fly everywhere and whenever we wish (almost J) 

ÇCombination of terrestrial & aerial techniques and processing methodologies 

ÇPoint of interest for different communities: photogrammetry, surveying, robotics, 

computer vision, artificial intelligence, space domain, etc. 
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Photogrammetric pipeline with UAV mages 

 

ÇFlight planning (designing, requirements, system performances, etc.) 

Ç Image acquisition (autonomous, manual, GSM-based, waypoint navigation, etc.) 

Ç Image triangulation 

ÇDSM generation / Feature extraction / Ortho-image generation 
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Ç UAV image blocks have different network geometries depending on the characteristics of the 

scene / object 

Ç In some cases the block is a traditional aerial image block with GPS/INS data Ÿ AAT 

techniques can be used 

Ç However,  

ü Direct geo-referencing with traditional UAVs images is still not feasible 

ü The image block can become a close-range image block with convergent images, wide baseline, 

scale variations, etc. 

Ç No commercial solution for automated tie point extraction ï human interaction still needed 

Ç In-house developed solution for automated tie point extraction: ATiPE 

[Barazzetti, L., Remondino, F., Scaioni, M., 2010: Fully automated UAV image-based sensor orientation. Int. Archives of 

Photogrammetry, Remote Sensing and Spatial Information Sciences, Vol. 38(1), Calgary, Canada] 

Ç Open source solution: Apero (www.tapenade.gamsau.archi.fr, www.micmac.ign.fr)  

[Pierrot-Deseilligny, M. and Clery, I., 2011: APERO, An Open Source Bundle Adjustment Software for Automatic Calibration 

and Orientation of Set of Images. IAPRS&SIS, Vol. 38(5/W16), Trento, Italy] 

 

 

Image triangulation 
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ATiPE ï Automated Tie Point Extraction 

Ç Starting from the images and their calibration parameters, the method allows the automatic 

orientation of correspondences from image blocks for the successive bundle adjustment 

Ç The method is based on the extraction and matching of scale invariant features 

(SIFT/SURF), image location refinement (LSM) and tie point distribution improvement 

 

 

 

 

 

 

 

 

 

 

Ç Example of a UAV survey over the archeological area of Copan (70 images  

Ç with a Nikon D2Xs, 12 megapixels) ï Images courtesy of ETH Zurich 

Image triangulation - tie point extraction 

[Barazzetti, L., Remondino, F., Scaioni, M., 2010: Fully automated UAV image-based sensor orientation. Int. Archives of 

Photogrammetry, Remote Sensing and Spatial Information Sciences, Vol. 38(1). ISPRS Commission I Symposium, 

Calgary, Canada] 
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Ç The whole matching procedure is made up of 

several steps 

Ç Images can be compressed to speed up the 

elaboration (coarse-to-fine) approach 

Ç The image points are detected and matched 

with the SIFT or SURF operators between 

image pairs 

Ç The robust estimation (RANSAC, LMedS, 

MAPSAC) of the epipolar geometry helps in 

removing wrong correspondences 

Ç The matched pairs are combined in order to 

obtain the tie points for the whole image block 
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Image triangulation - tie point extraction 
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Ç The descriptor comparisons must be repeated for each image pair 

ÇN images Ÿ (N2-N)/2 combinations Ÿ O(N2) !!! 

Ç To limit the number of combinations we create a visibility map 

ü using low-res images: 

 + it always works 

 - it needs another (fast) elaboration 

 

ü Using GNSS/INS + DTM 

 + faster 

 - it works for aerial-like blocks 

 

image 

connection 

Image triangulation - tie point extraction 

Example - block with 70 images 

ü no visibility map: > 2400 combinations 

ü with the visibility map: 1179 combinations 
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The method was tested on 

4 blocks featuring different 

characteristics (e.g. 

network geometry, 

convergent images, wide 

baselines, é) 

3160             2415                496                3741               Total pairs  

1179             507                 160                897               Estimated pairs  

 

Visibility map 

Image triangulation - tie point extraction 
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Image triangulation - tie point extraction 
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Ç The reduction of the number of TPs is carried out by dividing the images into regular cells 

Ç For each cell only the point with the best multiplicity is stored 

Ç Better distribution on the images, better point multiplicity Ÿ easier outlier removal  

 

 

Before 

After 

Image triangulation - tie point extraction 
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Ç Image block is made up of 80 convergent images (Nikon D200, 20 mm lens) randomly 

distributed in front of the façade of a spire of the Dome 

Ç Helicopter (Hirobo SST-Eagle-Freyer) manually piloted (bad GPS signal in that area)  

ÇGPS/INS data not available Ÿ visibility map from images  

Image triangulation - Example 
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Ç The procedure for image matching is robust under different viewing conditions 

 

Convergent images 

 

 

 

 

 

 

 

 

 

Scale variation 

Image triangulation - Example 

Camera poses after the bundle 
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Ç Block with some GCPs available for accuracy check 

Ç GSD = ca 2 cm 

Ç The precision in the normal case is given by: 

 

Ç Bundle adjustment with 3 GCPs and 5 Check Points 

 RMSEx = 4 cm ; RMSEy = 3 cm ; RMSEz = 7 cm 

Ç However, the covariance matrix of the bundle solution shows the 

following theoretical precisions: 

 ůx = Ñ0.6 cm ; ůy = Ñ0.6 cm ; ůz = Ñ2.3 cm 

 

!!! Very often is difficult to manually measure the GCP in the images !!! 
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Image triangulation - Example 
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Ç Automated DSM generation for mapping, documentation, monitoring, visualization issues 

Ç Commercial (SAT-PP, 4Dixplorer AG) vs free solutions 

Ç Open-source solution: MicMac (www.tapenade.gamsau.archi.fr, www.micmac.ign.fr) 

Ç Multi-image multi-resolution approach 

 

Image matching and DSM generation 

[Pierrot-Deseilligny, M., Paparoditis N., 2006. A multiresolution and optimization-based image matching approach: an 

application to surface reconstruction from SPOT5-HRS stereo imagery. IAPRS&SIS, Vol.36(1/W41), Antalya, Turkey] 
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Image matching and DSM generation 

Ç Microdrone MD-200 

Ç 19 images 

Ç Pentax Optio A40 (8 mm lens, 12 Mpx, 

pixel size 1.9 mm) 

Ç DSM 17 with mil. pts 


