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Context
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I. Context

Industry 4.0:

- Constantly evolving. 

- Integrating new technologies.

Remote monitoring system:

- Ensuring safety.

- Monitoring productions.

- Optimisation.

- Avoidance collisions.

Drawbacks:
- Markers detections. 
- Light of sight.
- Small detection volume, ect.

Optimisation problem
+ 

Connection of the physical and 
virutal spaces

= 
Digital twin.
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I. Context

Alternative: 3D 

animation

software

Digital twin of a camera 
= 

designing the whole camera from the
original camera sensor to its
radiometric characteristics.

Complex process
Not necessary accurate

Time consuming
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Problem
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II. Problem presentation

Digital twin

Designing a digital 
twin from an 

observant point 
of view

Using
Blender

• Creating a simple model

• Check

• Perfect 

• Law of optics respected

Better than

reality

Error

magnitude: 

cm VS mm

Lack of 

realism

Incorrect definition 

of modelling 

boundaries



Solution developed
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II. Problem presentation

Photorealism Robustness Applications
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Photorealism
III. Photorealism

Discret Fourier Transform Percentage of image blur



Key points
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III. Photorealism

Intrinsically 

different camera, 

behaves as 

filters

Reach the limits of 

the Human 

understanding and 

the software abilities
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Photorealism Robustness Applications



Blender camera model
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• Field of view: 3.03 mm

• Sensor Fit: Horizontal

• Width: 3.68 mm

• Depth of field:
– Depth of focus: 0.3 m

– F-Stop: 2.0

– Aperture shape: Triangle

– Rotation: 0

• Noise: 0.02 with noise texture

• Distortion: 0.001

IV. Robustness

Blender scene

8 Raspberry Pi V2 

cameras (0.2 m to 2 m 

with a step of 0.2 m).

Real scene

Tripod

Board

The measurement test consisted of 

comparing the reprojection errors 

(Standard deviation) of the 

detection of calibration artefacts



Artefacts
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IV. Robustness

Board Dimensions Circle diameters

Small 0.1 m x 0.15 m x 0.2 m 0.5 m x 0.75 m x 0.025

Large 0.029 m x 0.048 m x 0.069 m 0.21 m x 0.29 m x 0.005



Circle zone board
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IV. Robustness

Zone Circle 

(trial 1)

0.4 m (mm) 0.6 m (mm) 0.8 m (mm)

1 5.32 1.61 4.10 

2 4.18 3.15 1.16

3 0.92 0.39 2.17

4 3.95 2.78 1.36

5 4.82 1.71 3.87

Zone Circle 

(trial 2)

0.4 m (mm) 0.6 m (mm) 0.8 m (mm)

1 7.00 1.36 12.06 

2 11.55 4.66 6.27 

3 2.09 1.56 3.95 

4 11.50 4.47 6.75 

5 6.92 1.49 13.01

Small 

board

0.4 m (mm) 0.6 m (mm) 0.8 m (mm)

1 2.71 2.19 6.23
2 3.25 2.15 4.36
3 0.30 0.006 0.88
4 3.4 2.12 4.33
5 2.7 2.0 6.34

Zone Circle 

(trial 1)

1.2 m (mm) 1.4 m (mm) 1.6 m (mm)

1 4.23 4.21 6.87 

2 3.47 3.71 8.16 

3 0.50 0.43 1.53 

4 4.81 4.65 9.83 

5 3.78 4.7 7.31 

Zone Circle 

(trial 2)

1.2 m (mm) 1.4 m (mm) 1.6 m (mm)

1 12.63 9.35 7.23 

2 13.18 10.03 8.44 

3 0.72 0.91 1.48 

4 13.91 10.8 10.17 

5 12.99 9.59 7.71 

Large

board

1.2 m (mm) 1.4 m (mm) 1.6 m (mm)

1 0.94 0.2 0.68
2 0.93 0.21 0.68
3 0.043 0.09 0.012
4 0.89 0.12 0.6
5 0.76 0.17 0.75

PatternFloor

Real and virtual different due 

to differences in the camera 

model and set up.

Circle 1-2, 4 -5 errors due 

to the wrong detection of 

the centre, depth of focus 

and barrel distortion.

Virtual source of errors:

- Texture

- Floor

More realistic with

a rebuilt pattern

More realistic with a 

rebuilt pattern and 

Gray floor with

imperfections
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Photorealism Robustness Applications



Application 

Aachen presentation Claire Pottier V2 Slide 15 of 18

V. Conclusion

Measure the 

diameter of the 

spheres

Measure the 

distance between 

the 2 spheres

Misalighment

between the camera 

and the sphere
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Application 
V. Conclusion
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V. Conclusion

Digital twin

Designing a digital 
twin from an 

observant point of 
view

Using Blender

• Realistic

• An offset depending of 
the object

• Similar behaviours than 
the real system

• Law of optics respected

Characterised
the system

• Repeatability

• Validation of the 
model

• Robustness of 
the method

Sum up
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