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Introduction

Close-range photogrammetry trends
I UAV
I mobile mapping
I cultural heritage
I human motion analyses
I industrial applications

→ task-specific

Dynamic applications: Online or offline system?

I dynamic or (quasi-) static?
I how expert are you?
I what is the budget?

→ Smart/machine-vision or dSLR camera
→ Immediate results or data processing
→ Adequate or low

dSLR’s can record video!

Still, in dynamic applications
I multiexposures prevail, f < 1Hz
I much lesser interest for higher frame rates, f ≈ 30Hz
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Research objective

HelioFLOAT
I pre-industrialize a novel concept of

a floating solar power plant
I design ⇐⇒ simulate ⇐⇒ experiment
I photogrammetry as the experimental method

Task characteristics
I motion
I instantenous water state

I in-plane/out-of-plane motion
I reconstruction compliant with FEM element definition
I testing in different environments

(scalability)

and

→ Dynamic event

→ Passive imaging
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I 3x Canon 60D
I 30Hz, 1920x1080 pix
I 20mm Sigma lens
I 3x 1200W halogen lamps

≈ 5.000e

Project planning
Imaging setup

Low-cost

Motion capture system

validated with

I 3x Qualisys Oqus
I 60Hz
I XYZ coordinates as output
I infrared strobe inside the housing

≈ 15.000e+
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Object of interest
Project planning
Imaging setup Workplace

I 144 retro targets (planar)

Low-cost system

4m x 4m platform
air suspension

Qualisys Oqus
I 16 retro targets (spheres)
I offset wrt to real surface

Outline of the talk
I Network design
I System calibration
I Target motion modelling
I Dynamic referencing
I Evaluation
I Summary
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Network design

Criteria
I economy
I precision, accuracy
I reliability

Imaging geometryLower cost ↓
Lower quality

Datum definition

Estimation techniques
I intersection angles

I scale

I redundancy

Workplace constraints

I far distances & low ceiling

I conflict with Qualisys
I free network/minimum constraint

I up-to-date system calibration

I detoriorated image

measurement accuracy

I impeded tracking

Sensor deficiency
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System calibration

A. Interior orientation

B. Lens distortion

C. Camera orientation

x− xp + ∆x
y − yp + ∆y
−c

 = λRT

X −X0

Y − Y 0

Z − Z0


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System calibration

A. Interior orientation

B. Lens distortion

C. Camera orientation

Moving reference bar

I datum parallel to water surface
fixed with minimal constraints

I final adjustment in self-calibrating free network
– 112 distance observations
– σ0,obs = 0.4pix

I A, B, C restored in a single procedure
I calibrated bar signalised with points

1.5m± 0.1mm
I random motion around the volume

Estimation technique

trivial search for correspondences

no target field necessary

fast and flexible

x− xp + ∆x
y − yp + ∆y
−c

 = λRT

X −X0

Y − Y 0

Z − Z0





E. Rupnik and J. Jansa Off-the-shelf videogrammetry7

Anomalous behaviour due to

I occlusions
I glittering effects
I disappearing signal

Target motion model

Spot bad data with Kalman filter



E. Rupnik and J. Jansa Off-the-shelf videogrammetry7

Anomalous behaviour due to

I occlusions
I glittering effects
I disappearing signal

Target motion model

Spot bad data with Kalman filter

X̂
−
k = AX̂(k−1) + BU(k−1) + W(k−1) p(W) ∼ N(0,Q)

Z−k = HX̂
−
k + V(k−1) p(V) ∼ N(0,R)

P−k = AP(k−1)A
T + Q

Kk = P−kH
T (HP−kH

T + R)−1

X̂k = X̂
−
k + Kk(Zk −HX̂

−
k )

Pk = (I−KkH)P−ktime-update
measurement-update
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X =
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Dynamic referencing

Continuous recovery of new orientation parameters

+control information
I 2D - 3D
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Dynamic referencing

Continuous recovery of new orientation parameters

+control information
I 2D - 3D
I 3D - 3D
I 2D - 2D - 2D - 3D

change in object and
’camera rig’

reconstruction in local
CS of the ’camera rig’

3D local - 3D global
alignment

composite motion separation into
R, TRIG+ object motion
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Measurement series
I Regular waves
I Irregular waves
→ dynamic georeferencing

Low cost - Qualisys Oqus
Evaluation

Precision (BA output)

I σX ≈ 1.5mm
I σY ≈ 3.0mm
I σZ ≈ 4.0mm

Image scale ≈ 1 : 500
Relative accuracy ≈ 1 : 3000
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Ship motions
I surge, sway, heave
I roll, pitch, yaw

Low cost - Qualisys Oqus
Evaluation

Measurement series
I Regular waves
I Irregular waves
→ dynamic georeferencing

Workflow
I equalize temporal resolution
I retrieve ship motions
I align the motions in time

by cross-correlation
I compare results

visually and RMSE



E. Rupnik and J. Jansa Off-the-shelf videogrammetry9

Ship motions
I surge, sway, heave
I roll, pitch, yaw

Low cost - Qualisys Oqus
Evaluation

Measurement series
I Regular waves
I Irregular waves
→ dynamic georeferencing

Workflow
I equalize temporal resolution
I retrieve ship motions
I align the motions in time

by cross-correlation
I compare results

visually and RMSE



E. Rupnik and J. Jansa Off-the-shelf videogrammetry9

Ship motions
I surge, sway, heave
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Measurement series
I Regular waves
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→ dynamic georeferencing
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Ship motions
I surge, sway, heave
I roll, pitch, yaw

Low cost - Qualisys Oqus
Evaluation

Measurement series
I Regular waves
I Irregular waves
→ dynamic georeferencing

RMSE =
√

(XSV A−XER)2

nsamples

RMSE = 0.04◦

≈ 18% max amplitude
RMSE = 0.12◦

≈ 6% max amplitude

roll pitch
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Low cost - Qualisys Oqus
Evaluation

Measurement series
I Regular waves
I Irregular waves
→ dynamic georeferencing

Measured distances
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end-conclusion:
I comment on spped/precision/reliability i.e. the advantages of

photogrammetry in industrial apps (mikhail)
I about response amplitude oprator
I computing time
I not for dummies
I on accuracy

– importance of meas in the imgs and
– influence of unsync -¿ how it may not polay a role

I Expert knowledge necessary for full exploitation

although there are many factors influencing the accuracy e.g.

I Sensor deficiencies
– image quality is detoriorated due to compression artefacts
– interfacing with the camera is limited
– exact synchronization is impossible

I Workplace constraints
– importance of network design
– importance of lighting

ok, if you have in mind high accuracy and industrial apps as we know it,
this could not be the best choice; but depending on how you define your
task and your needs, it may turn out that also these cameras can solve
your problem; in fact in our prj at the kick-off we spoke of submilimeter
accuracy, and in the end it turned out that 4mm was also fine for the
decision making in the design-simulate-experiment;

Conclusion

I dSLR cameras are flexible offline tools
– capture of static object, in high resolution (20MPix+),

at high accuracy levels
– serve as video cameras, lower resolution,

at moderate accuracy levels
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