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Introduction

Development of last decade:

© Lighter sensors for georeferencing: GPS, attitude,
ME MS é

© High resolution compact digital camera
© New image correlation algorithms

© Powerful standard computers

© UAV auto-drived for non specialist

C Widening of digital photogrammetry application field
C Low cost Photogrammetry for non specialist
C Applications with UAV




Introduction

Case study of ultralight UAV
© Low cost camera
© Low cost sensors for Georeference

C Study mapping performance of such system
C

Study workflow performance:
C standard photogrammetric software

~

C new generation




Vehicule

© Ultra light vehicule: Sensefly Swinglet

less than 5009

u-blox GPS chip + MEMS attitude

Payload of 125¢g

Autopilot to drive on flight line and auto image trigger
~25 min autonomy

Flight restriction: wind (< 20km/h), keep it onsight
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Image sensor

© Canon Ixus-1201S
© 12 Megapixels
© Pixel size: 1.54 um Chip size: 6.16x4.62mm
© Autofocus, no fixed focal length




Georeference

© C/A code GPS chips A Position + velocity
recording at 1Hz

© Attitude recording with accuracy of <5°

C No possibility to process differential C/A

C trajectory accuracy < 5-10m
C Information tagged to EXIF data of each image




Processing

© Classical photogrammetric Software: SocetSet +
Bingo-F
© Automated new algorithm: Pix4D

© Automatic Tie point matching, auto camera calibration
© DSM extraction, orthomosaic

C Comparison with reference data

€ GEPOS
C LiDAR/photogrammetric reference dataset




Analysis methodology

© Camera calibration: focal, PPA, dist.
(radial/tangential)

© AT results (bundle adjustment): residuals

© DTM/DSM comparison

© 25cm Grid comparison C altimetric accuracy
© GCP

© Noise analysis

© Ortho accuracy:
© GCP
© feature digitizing




Experiences

© Swinglet flight
© 72 images, GSD ~5cm
© 8 flight lines
© Irregular overlap (wind)

© Helimap System flight
® same pattern
¢ LIDAR ~6 pt/m?/line
© 35 images, GSD 4cm
© Ground measurements
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Workflow Swinglet
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Workflow Reference data
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Camera calibration Bingo

© Camera calibration with Bingo
C Important tangential distortion (~20 nm)
C Impossible to remove completely non radial deformation




Camera calibration Pix4D

© Camera calibration Pix4D

Tangential Component of the Distortion Model
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Focal Length = (3302.52, 3302 52
Principal Point = (19766, 145474
Radial cosfficients = (-0.0552, -0.02603, 0.06352)

Tangential coefficients = (-0.00147, -0.001834)

C Not the same sensor model
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SocetSet/BINGO Pix4D
Focal ¢ [mm] 29.073 29725
PPA X/Y [mm] -0.022 / 0.020 -0.210£0.137




AT results

RMS of object points [mm] RMS GCP residuals [mm]
So
[um]
X X Z X Y Z
AT-Socetrefdata 33 97 26 46 23 24 25
AT- Socetswinglet 4.9 37 38 75 45 30 49
AT- Pix4D-swinglet 6.5+ S na na 20 (combined)

* Corresponds to average magnitude of residuals, not sigma of image residuals

© Not enough statistics on Pix4D Bundle adjustment for
comparison

© Accuracy of %2 pixel for swinglet, 1/3 of pixel for Ref. data
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AT results Socet/Bingo

© Ground Tie
points
compared to
LIDAR DTM

© Discrepencies
C with distance
fr om GEPGO:s




