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Computer vision In engineering

« Sensor platforms (UAS, 3D scanner, ...) * Geodesy & building stock survey
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Why photogrammetry?

Manual measurements could be ...

... dangerous, ... unaccessible or ... too time consuming!
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http://www.nasa.gov/

Selection of measurement techniques
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Measurement techniques in relation to object size and precision
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Image localization
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Date / Datum | Lire / Raad / Lesen

76.1.21 | +1.8
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Stereoscopic measurement principle
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Structure-from-Motion (SfM)

sensor-orientation

relative orientation (auto-)calibration

| i = =]
1. image sequences 2. features & epipolar geometry 3. cameras & object points

3D reconstruction

stereo image matching triangulation

4. normal images 5. dense disparity map 6. 3D point cloud
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Vv

Important:
» constant camera settings (e.g. no zoom)

original images (e.g. not cropped or scaled)
« sharp images from different points of view

« sufficient image overlap (67-80 %)

» surface with good texture

» consistent diffuse lighting

 sufficient CPU/GPU power (and memory)

Difficult:

 shiny, reflective or transparent objects
* moving or deformable objects

© Volker Rodehorst Eramca Workshop 2022 - Geomatics 12



=
9
I
O
.
o
Q
=
[
7
©
o0

SRR RRRARRRRRN

./../H H\\

*> -+

> -+

LA LA L A L L ST o L L A L A Al v

A A s

2

NN NN,

SARERERLRRRRRRRERERERR RN

Iyl

77 7 7 A A 7 o o T 77 7 e

VIS SSSLLLLSLLLIS LIS LIS 1A 1111 S TS LSS S LS 1 I
.

2

NN NN,

13

Eramca Workshop 2022 - Geomatics

© Volker Rodehorst



Yuneec Typhoon H

AscTec Falcon 8

Parrot AR.Drone AscTec Pelican
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Vision-based sensors

Sony Alpha 7R Sony Camcorder PJ810E FLIR TAU 2 640 with
(36 MP, full format) (Full HD video) Panasonic Lumix TZ61
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Correspondence problem
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Relative orientation & bundle adjustment
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Radial lens distortion
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Georeferencing
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ummary: image-based 3D reconstruction

Unordered set of images Pre-processing

W v images
| g

- White balance

- Contrast enhancement

- Suppression of highlights

- Brightening of dark areas

- Vignetting removal

- Edge-preserving noise reduction
- Correction of lens distortions

e

Radiometrically and
geometrically enhanced images

b

Relative orientation Identification of homologeous image points

A) Relative crientation + B) Global optimization
concatenation of pairs

Automatically detected
homologeous (corresponding)
points in twe images

= |mage pair

Blue line: correctly identified
Red line: outliers identified by RANSAC

Sparse point cloud
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Commercially available and free tools

* AgiSoft PhotoSecan1-4 / MetaShape 1.8
e Capturing Reality RealityCapture 1.2

* Pix4D Pix4Dmapper 4.8

* 3DFlow Zephyr 6.503

* Bentley Aeute3D ContextCapture 4.4.9

* Autodesk Remake ReCap Pro 2022

* PhotoModeler UAS 2022

* Trimble Inpho UASMaster 12

* VisualSFM + openMVS + MeshLab
* COLMAP (colmap.github.io)
* AliceVision Meshroom (alicevision.org)
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Benchmarking 2021

Feature extraction, matching, Densification Meshing Texturing Reconstruction
and SFM Quality
OpenDroneMap (ODM) 118 1)) 281 S e » Excellent
Regard3D 15 MIiNULES -----==========c + OK, 41/53 cameras
AliceVision Meshroom 65 minutes -------- *| Excellent
COLMAP ANl S e e e e ~| Excellent
VisualSFM MeshRecon Meshlab Iimini3UsS==c=== 1 Very Good
G =owmmessemas - OK to poor
E PMVS
w
31 min 27 s~ + Excellent
OpenMVS Forgot to time! ----- 4 Poor
OpenMVG 37 min 33 s ------- -{ Excellent
\¥0 VE TexRecon ——41 minutes--------- » Very poor, large holes
65 minutes --------- | Poor, noisy and holes
F—»SMVS 117 MiNUtES -----------=-ecemmomcccccccoeemenaon - Excellent
MultiViewEnvironment (MVE) 34 MINUEES ~- - - me e - Poor - noise and holes
MicMac 27 MINUEES == === == m e e e e e e e e e e e e e oo 1 Poor dense stage
3[  3DF Zephyr 7min 36 s ------- 4 Good
E:: Recap Photo didn't time*------- +{ Excellent
§ Agisoft Metashape 5 minutes -------- | Excellent
o
o Reality Capture 2min 25 s ------- o Excellent
www.peterfalkingham.com
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Object aligned 3D flight path
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Import of GNSS & compass data

Import CSV
Coordinate System
WGS 84 (EPSG::4326)

Rotation angles: Yaw, Pitch, Roll

Ignore labels Threshold {m): 0.1
Delimiter Columns
Tab Label: 2 Accuracy Rotation Accuracy
Semicolon
Longitude: | 3 8 Yan: 6 E]
Comma
Latitude: 4 8 Pitch: | 7 E]
Space
Gther: Alitude: | 5 8 Roll: 8 E]
Combine consecutive delimiters Enabled flag: 10
Startimportatrow: 2 Items: Al

First 20 lines preview:

Label Longitude Latitude Altitude Yaw Pitch
DateTime  Filename longitude [degr... latitude [degree] height [m] yaw [degree] p\tch[-E
240220180, P1000145JPG  11.35246849060... 50.06282681030.. 28.032 325.07 -43.84
240220180.. P1000146JPG  11.35249996185.. 50.96289825439.. 27.993 32361 -43.84
24.02.2018 0... P1000147JPG 11.3525390625 50.96291351318... 27.889 31541 -43.82
24.02.2018 0... P1000148JPG 11.35256767272... 50.96293258666... 27.973 305.09 -43.84
24022018 0.. PI000149JPG  11.35258674621... 50.06205547485... 27.897 20532 -43.84

o ] concol ]
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Heritage conservation

Figure in the cathedral
of Halberstadt
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Autonomous indoor navigatlon
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Sensor integration: optical flow

Optical flow sensor and sonar

UL
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Obstacle detection
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v
Manual Image acquisition
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Bauhaus-
Universitat
Weimar

Systematic image acquisition
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Recording strategies
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3D data acquisition weir church Doblitz
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Video: Doblitz
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Georeferencing of the structure

1,508 mm
Festpunkt
Ansehiuipunid
Datumspunkt
Neupunkt
Nivallement
Richtung
Stracke 2D13D
Zenitwinke!

GNSS 20/3D
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Flight route planning and automated flight
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Creation of a high-resolution 3D model

Number of images: 2326
Image resolution: 0,7mm/Pixel
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Interior shots - capture first floor
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SPs

Number of images: 2503
Image resolution: < 0,3 mm/pixel
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Number of images:
Image resolution:

42

Eramca Workshop 2022 - Geomatics

© Volker Rodehorst



Number of images:
Image resolution:

© Volker Rodehorst

234
< 0,2 mm/pixel
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Spalling in altar room

Number of images: 185
Image resolution: < 0,08 mm/pixel
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Resulting 3D model
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Resulting 3D model

© Volker Rodehorst

00 :

o X
a XX
T [ X}
X 190
X X L X
(Y3 X"

-

Eramca Workshop 2022 - Geomatics



Interactive visualization in VR
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Interactive visualization in VR
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Interactive visualization in VR
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borative VR
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Discussion In coIIa_
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Workflow: Image-based crack detection
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OpenCV MATLAB python Keras tensor
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Sensor platform on linear track
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Automated data acqmsmon
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Pollution

Scarf edges Wood grain
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Bauhaus-
Universitat
Weimar

Other types of damage
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Tower In Bad Frankenhausen




Laserscanning vs. photogrammetry

Drahtkdrper]
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Data representation

Dense
with texture map (62 Mio.)
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Weimar

Shaded relief

Detail view of the dense point cloud
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Orthophotos by differential rectification

Image

Central
projection

Parallel
projection

Orthophoto
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Orthophoto mosaics

4.57° (4.55 m)

north west south east
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Video: Anna-Ebert bridge

ASCENDING
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Bridge & ornament reconstruction
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Reconstruction of ornaments:

» 40 images (for each)

« distance ~2 m

« 34.5 million points (for each)
* Accuracy < 0.5 mm
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Damage detection
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Cylinder unrolling
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Deformation measurements

Retaining wall of the
Jagdberg tunnel (BAB 4)
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