Structure from Motion
UAS Point Cloud, Dem, Orthophoto Data Processing

South Platte River, NE




UAS Point Cloud, Dem, Orthophoto Data Processing

Canon SX230, GoPro Hero 2/3

Low Cost Solution

Higher Resolution (36x more pixels
than stock camera)

Light weight and Size

HD Video and 11 or 12 megapixel

stills to utilize tie point automation
tools.

Canon S$X230 is GPS enabled for
.exif metadata tagging.

Canon SX230 is triggered using
Canon’s CHDK developers kit via a
intervalometer.
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UAS Point Cloud, Dem, Orthophoto Data Processing 4
General Workflow (Photoscan) >

Image Collection Review Image Tags and Image Alignment Adding Control

}

. : Point Cloud Generation, Camera
Build Texture and Export Products Build Geometry Calibration and Optimization
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UAS Point Cloud, Dem, Orthophoto Data Processing

Image Collection Guidelines

Focal Length needs to be fixed
Photos taken near NADIR
Collect 60% in-track overlap
Collect 50% side-track overlap
Dual Pass Flight Plans preferred

A second flight flown perpendicular to
the initial flight plan at 1.5 to 2 times
the 15t GSD helps create geometry in
areas with difficult terrain.

Shutter speeds should be set to 1/1600
of a second or faster to reduce image
blur.

Turn off image stabilization on lens

Use wide angle lens, avoid fisheye lens.

GSD = pixel size x flight height (AGL) /
focal length

Pixel Size = sensor size and format
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UAS Point Cloud, Dem, Orthophoto Data Processing

Canon sx230 Image
592 Images Aligned for South Platte, NE
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UAS Point Cloud, Dem, Orthophoto Data Processing

Point Cloud
592 images




UAS Point Cloud, Dem, Orthophoto Data Processing ¢<

Point Cloud

200 Ft AGL
300 Ft AGL
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UAS Point Cloud, Dem, Orthophoto Data Processing

Point Cloud

1.8 million points
Area: 0.5 km x 0.4 km
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UAS Point Cloud, Dem, Orthophoto Data Processing

Gradual Selection

Gradual Selection

Criterion: |Reps ction error
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UAS Point Cloud, Dem, Orthophoto Data Processing

Setting Ground Control 3

Target selection and Optimization (Browns Model)

Ground Control
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Easterr(m)  North e (m) Alt. err (m) Error (m)
IMG_7223JPG 464111369587 4124212029903  1543775.040381 4428065673212
IMG_7224JPG  464124.575060 4124211891401 1543776.049318  4428067.280160
IMG_7234JPG 464251693047 4124206954068 1543768177302  4428073.262814
IMG_7237JpG 464265792220 4124206243316  1543768.465985  4428074.179573
IMG_7239.JPG 464262353761 4124205239327 1543762991707  4428070.975467
IMG_7243JPG 464239813237 4124206201689  1543760.646013  4428068.690797
IMG_7244JPG 464221026535 4124205685077 1543754725142 4428064176716 Measurement accuracy Camera correction
IMG_7245JPG 464210218788  4124207.906165 1543752.263807  4428064.253431 {Fl Eriable correction
IMG_7246JPG 464200130378 4124209198784 1543752939545  4428064.635338 Cameraacaracy (m): 10
IMG_7247JpG 464185819930 4124210908843  1543754.696165  4428065.340301 Marker accuracy (m):  0.04
IMG_7248JPG 464173223000 4124210303304 1543754326934  4428063.327094
IMG_7249.0PG 464161241962 4124210823278 1543755143766 4428062840259
IMG_72500PG ~ 464149.035183 4124211701041 1543754614088 4428062193600 Projection accuracy (pix): 0.1
IMG_7251JPG ~ 464135.285116 4124212108161 1543753510225  4428060.746684
IMG_7252JpG 464122430426 4124212751135 1543751.366028 4428059251582
IMG_7253JPG 464108877993 4124213390740 1543748775302  4428057.522689
IMG_7254JPG 464096050143 4124214170196 1543745912121 4428055905993
IMG_7255JPG  464083.239230 4124213967711 1543744931856  4428054.032984
IMG_7256.PG  464070.266037  4124214.004709 1543743817836 4428052319425
IMG_7257JPG  464057.077717 4124214370262  1543741.094470  4428050.328306
IMG_7258JPG 464043877205 4124215967894 1543738411512  4428049.497576
IMG_7250JPG 464031155573  4124217.540902 1543736.239515  4428048.872270
IMG_7260JPG 464018613477  4124217.749638 1543734936830  4428047.298220
IMG_7261.JPG 464005798461 4124217813445 1543733488750 4428045509933
IMG_7262JPG 463993050176 4124218044363 1543731789400  4428043.796719
IMG_7263JPG 463980185206 4124218171708  1543730.383405  4428042.078865
IMG_7264JPG ~ 463967.155140 4124218080371 1543729.059758  4428040.165293
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Coordinate System

Scale bar accuracy m):  0.001

Tie point acauracy (Pix): 3
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Easterr(m)  North err (m) Alt. err (m) Error (m) Projections
0049478 0.068653 0323064 0 ] 19
0055109 0096919 0379504 0.395542 bil

0048355 0007056 -0.192669 0198769 8

-0.107144 -0.040719 0134316 0176575
0.040916 -0.077893 1069424 1073038
0.050884 0.076103 0.001799 0.091564
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Photos & X Console
BOOX |2 IEARE ¢ (% Hdad (o
[Se - [ e T RN T el | openGL Vendor: ATI Technologies Inc.
OpencL =deon HD 7570

IMG_9266.JPG IMG_9269.JPG IMG_9270.JPG IMG_9271.JPG IMG_9272.)PG OpenGL V
Total Error 0.066170 0.065736 0.246398 0.263460 Context
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Compatibility Profile

: 1€384

: not enabled

- & , . b x ct: supported

Cill 3 i < L ¥ 2 - % two: supported

Scale Bars Distance err Error (m) | - S = - ek loaded project in 24 sec

Total Error IMG_9273.JPG IMG_9274.JPG IMG_9275.PG IMG_9276.JPG IMG_9296.JPG IMG_9297.)PG IMG_9298.)PG
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Finished processing in 88.225 sec (exit
Finished processing in 0 sec (exit code
>>>
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UAS Point Cloud, Dem, Orthophoto Data Processing

At 200" AGL flight height target has about 17 pixels
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Setting Ground Control
Targets

Coordinate collection using
Real Time Kinematic (RTK)
system.
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UAS Point Cloud, Dem, Orthophoto Data Processing

Setting Ground Control TN

Target selection, Camera Calibration, Optimization (Browns Model)

H Camera Calibration

Initial calibration data is calculated
during the align photos processing , e o
step. ocallength (mm):

0 HS (5 mm) mera type:

During georeferencing the model
is linearly transformed, the
nonlinear component (lens
distortion) is not removed.

Focal length

The optimization process is used
to correct nonlinear deformations.

Camera Calibration Parameters

Fx Fy — Focal Length in x and y dimensions
measured in pixels.

Cx, Cy Principal point coordinate —
Coordinates of lens optical axis
interception with sensor plane

Skew — Skew transformation coefficient

K1, k2,k3,k4 — Radial Distortion coefficients
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P1, p2 - Tangential Distortion coefficients
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UAS Point Cloud, Dem, Orthophoto Data Processing ¢<

DSM Example

Wire Frame - 10 million faces
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UAS Point Cloud, Dem, Orthophoto Data Processing
DSM Example

10 million faces

faces: 9855381 vertices: 4955682
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UAS Point Cloud, Dem, Orthophoto Data Processing

DSM
GSD 0.091 m = 3.5112"

15




UAS Point Cloud, Dem, Orthophoto Data Processing

Orthophoto
GSD =0.0222 m or 0.8778”
Area: 0.5 km x 0.4 km

LANDSAT




UAS Point Cloud, Dem, Orthophoto Data Processing
Orthophoto
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UAS Point Cloud, Dem, Orthophoto Data Processing

NAIP Orthophoto at similar scale
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€2M signed distancesl<0.5]

Ground Sampled Distance

0.250

DSM GSD =5.28 cm, 2.08 in
Ortho GSD =2.22 cm, 0.87 in

0.222

0.167

Initial Accuracy

East X - RMS = 6.2 cm
North Y -RMS = 6.7 cm
Alt Z -RMS = 24 cm
Error (Pixel) = 1.265 pix

0.140

0.112

0.057

DSM Comparison with RTK Transects

Cloud Compare 0.002
-0.026
~-0.054

e . o e e . . -0.081

~0.109 4

~0.137 4

-0.192
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UAS Point Cloud, Dem, Orthophoto Data Processing

Limitations

-

LANDSAT ﬂ
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UAS Point Cloud, Dem, Orthophoto Data Processing

Limitations

Lo
LANDSAT
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UAS Point Cloud, Dem, Orthophoto Data Processing 4

Camera Selection Tips

Source: Photo Modeler and Photoscan

*  High resolution: most high quality cameras support resolutions of 5-8 mega pixels or better.

*  Used high quality fixed lens and try to avoid digital zoom. Digital zoom settings
manipulates the photo without actually adjusting the focal length.

* Do not use vibration reduction or image stabilization lenses.

*  Use a wide angle lens. Wide angle lenses suit better for reconstructing spatial relations
between objects than telephoto. However wide angle lens typically have more lens
distortions.

Shooting Tips

*  Avoid shiny and transparent objects. Shoot under a cloudy sky if need be.
*  Avoid unwanted foregrounds and moving objects.

*  Avoid not textured and flat objects.

¢ Shoot pictures with a lot of overlap.

* Do not crop or geometrically transform the images.

*  More photos are better than not enough.

*  Collect images from different directions.

% USGS LANDSA T""“’;l{?ﬁ
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Mike Hutt
Jill Cress

Jeff Sloan
Susan Goplen
Mark Bauer
Mark Feller

Questions?

Contact Information:

(303) 236-1203
(303) 236-1248
(303) 236-1308
(303) 236-1231
(303) 236-1247
(303) 236-1308

mehutt@usgs.gov
jjcress@usgs.gov
jlsloan@usgs.gov
segoplen@usgs.gov
mabauer@usgs.gov
mrfeller@usgs.gov

~IN N

http://uas.usgs.gov/
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