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 Imagery acquired from a certain altitude 
o RADAR and ALS (LiDAR)  data 
o airborne multi/hyperspectral scanning 
o vertical (high-altitude) photography 
o oblique (low-altitude) photography 

 relatively low-cost and straightforward 
 low-flying small aircraft 
 (digital) still camera 
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 Random 

 Fast workflow 

 2 options 
o log flight path – synchronise 

 
 
 

o physical connection (external or built-in) 
 
 
 

      Geocoded image 
    (geotagging – location stamping) 

AERIAL ARCHAEOLOGY 
└ OBLIQUE RECONNAISSANCE AND GEOCODING 

Image location 
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Position 
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AERIAL ARCHAEOLOGY 
└ GEOCODING 

Position and direction 
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 Problems 
o camera location  
o only postion (sometimes heading/yaw) 
o inaccurate heading 

 Needed 
o accurate description of area photographed 

 
 
 

 exterior orientation 
o 3 coordinates XO, YO, ZO  
o 3 angles roll (ω), pitch (φ) and yaw (κ) 

AERIAL ARCHAEOLOGY 
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 Low-cost solution 

 Sufficiently accurate 

 Exterior orientation in Exif 

 Software for 3D display 

 Initial parameters for 
auto-orthorectification 
o ORIENTAL 
o P28 - CIPA2013-205 
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HARDWARE SOLUTION 
└ APM 2.0 

APM 2.0 
 
 GNSS IMU MAG 

 APM 2.0: 
o ArduPilot Mega 
o integrated GNSS, IMU 

& magnetometer 
o € 200 
 

Hardware 
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HARDWARE SOLUTION 
└ APM 2.0 + OPENLOG 

APM 2.0 
 
 GNSS IMU MAG 

OpenLog 

Raw data logging 
Serial connection 

 APM 2.0: 
o ArduPilot Mega 
o integrated GNSS, IMU 

& magnetometer 
o € 200 

 OpenLog 
o IMU: 200 Hz 
o Magnetometer: 80 Hz 
o GNSS: 5 Hz 
o € 30 

Hardware 
solution 
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HARDWARE SOLUTION 
└ APM 2.0 + OPENLOG + D300 

APM 2.0 
 
 GNSS IMU MAG 

OpenLog Camera 

Raw data logging 
Serial connection 

 APM 2.0: 
o ArduPilot Mega 
o integrated GNSS, IMU 

& magnetometer 
o € 200 

 OpenLog 
o IMU: 200 Hz 
o Magnetometer: 80 Hz 
o GNSS: 5 Hz 
o € 30 

 Camera 
o Nikon D300 

Power supply 
Synchronisation 

Hardware 
solution 
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HARDWARE SOLUTION 
└ APM 2.0 + OPENLOG + D300 

Hardware 
solution 

Hardware: € 300 
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MATLAB 

SOFTWARE SOLUTION 
└ GNSS/IMU POST-PROCESSING 

Read raw data 

Calculate orientation 

Store results 
Exif, *.GPX, *.XMP 

Calibrate raw data 

i = IMU 
e = magnetometer 
g = GNSS 
f = barometer 

Software 
solution 
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MATLAB 

SOFTWARE SOLUTION 
└ GNSS/IMU POST-PROCESSING 

Read raw data 

Calculate orientation 

Store results 
Exif, *.GPX, *.XMP 

Calibrate raw data 

Magnetometer calibration 

Gyro bias and bias drift estimation 
Software 

solution 



Aerial 
archaeology 

Software 
solution 

Hardware 
solution 

Example 

All rights reserved 
 

© 2013 gEEvEE 
 

FWF - P24116-N23 03/09/2013  Slide 15 

MATLAB 

SOFTWARE SOLUTION 
└ GNSS/IMU POST-PROCESSING 

Read raw data 

Calculate orientation 

Store results 
Exif, *.GPX, *.XMP 

Calibrate raw data 

o strap down algorithm with sensor fusion 
 

o mounting calibration 

 

Software 
solution 
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 Coordinate reference system camera vs. APM 2.0 
o translation + rotation 

 Coordinate transformation: APM 2.0  image 

SOFTWARE SOLUTION 
└ MOUNTING/BORESIGHT CALIBRATION 

Software 
solution 
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SOFTWARE SOLUTION 
└ MOUNTING/BORESIGHT CALIBRATION 

Photo orientation (GCPs) 

Mounting calibration 

Exterior orientation photos 

Orientation APM 2.0 

 Coordinate reference system camera vs. APM 2.0 
o translation + rotation 

 Coordinate transformation: APM 2.0  image 

Software 
solution 
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MATLAB 

SOFTWARE SOLUTION 
└ GNSS/IMU POST-PROCESSING 

Read raw data 

Calculate orientation 

Store results 
Exif, *.GPX, *.XMP 

Calibrate raw data 

o use ExifTool 
 

o define new tags pitch and roll 

Software 
solution 
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EXAMPLE 
└ WORKFLOW 
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 APM 2.0 vs. Solmeta Geotagger Pro 2 
o Solmeta is less accurate 
o no post-processing 
o logs only at 1 Hz 

EXAMPLE 
└ COMPARISON 

Example 
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 Low-cost solution 

 Sufficiently accurate 

 Improvements 
o airborne tests 
o post-processing with Kalman filter 
o Xsens MT-G-700 GPS/INS 
o 3D visualisation software 

 

  Thank you for your attention 

 ! Poster P28 - CIPA2013-205 ! 

 

 

 

 

ROUND-UP 
└ PROS, CONS AND FUTURE 
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