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Practical session: Rendering digitized objects



Paper providing digital scenes aligned with photos
• We can test these scenes in 

different renderers to see 
how well different shaders 
can represent the appearance 
of these objects.

https://eco3d.compute.dtu.dk/pages/appearance

https://eco3d.compute.dtu.dk/pages/appearance


HC Ørsted bust
(aluminium, 3D scanned)

• Bust geometry: hc_orsted.obj (no transformation)

• Table geometry: hco_ground.obj (rotated 90 degrees around X)

• Point light position: [-0.15290257842979774, 0.0010295320183712445, 0.827301670159169]

• Point light intensity: 0.28 W/sr (multiply by 4𝜋𝜋 to get power)

• Background ambient light: 0.001137 W/(sr m^2)

• Camera position: [0.28255452843554596, -1.4590566335764603, 0.15820198110093153]

• Camera matrix inverted (𝑲𝑲−1):
[9.179619514177686e-05, 0.0, -0.2318790936563762;
0.0, 9.15419203472016e-05, -0.18786894023818881;
0.0, 0.0, 1.0]

• Camera rotation matrix (𝑹𝑹):
[0.9999265930643305, 0.0019213613603717853, 0.011963145626623345;
0.012015137318730981, -0.029819251871890606, -0.9994830907489195;
-0.001563636138289551, 0.999553460595442, -0.02984014835257065]

• Camera resolution in photo: 4928x3264 (in reference image: 1232x816)

Reference photograph



Cupped angel figurine
(transparent photopolymer, 3D print of 3D scan)

• Bust geometry: cupped_angel.obj (no transformation)
• Table geometry: angel_ground.obj (rotated 90 degrees around X)
• Point light position: [0.20854106219638083, -0.08139660855818596, 0.2523233614684882]
• Point light intensity: 0.72 W/sr (multiply by 4𝜋𝜋 to get power)
• Background ambient light: 0.003922 W/(sr m^2)
• Camera position: [-0.05167859563134386, -0.3561413717418296, 0.18034507441318026]
• Camera matrix inverted (𝑲𝑲−1):
[8.218682193244396e-05, 0.0, -0.12377012589190535;
0.0, 8.218682193244396e-05, -0.08779393983401078;
0.0, 0.0, 1.0]

• Camera rotation matrix (𝑹𝑹):
[0.9537464434892957, -0.2982955615814877, 0.03724888551761668;
-0.06963864670446258, -0.3397778871228487, -0.9379240088128162;
0.2924349165484359, 0.8919477256897501, -0.34483485064620684]

• Camera resolution in photo: 2736x2192 (in reference 1026x822)

Reference photograph



Printed bunny
(translucent photopolymer, 3D print of 3D scan)

• Bust geometry: bunny04.obj (no transformation)
• Table geometry: bunny04_ground.obj (rotated 90 degrees around X)
• Point light position: [9.343711424663437, -5.051846268311006, 11.491433391899964]
• Point light intensity: 1800 W/sr (multiply by 4𝜋𝜋 to get power)
• Background ambient light: 0.003875 W/(sr m^2)
• Camera position: [-7.13180226739496, -22.1455586142838, 4.7383204218931496]
• Camera matrix inverted (𝑲𝑲−1):
[0.00021403041584432212, 0.0, -0.1096905881202151;
0.0, 0.00021403041584432212, -0.08785948570409423;
0.0, 0.0, 1.0]

• Camera rotation matrix (𝑹𝑹):
[0.9489066004753113, -0.31471002101898193, 0.02310689352452755;
-0.03442377597093582, -0.17602573335170746, -0.9837836027145386;
0.3136739134788513, 0.9327232241630554, -0.17786549031734467]

• Camera resolution in photo: 1024x820 (and in reference)

Reference photograph



Vision to graphics camera conversion
• If the ray generation is modifiable, we  

use the camera matrices directly
(as described in the paper).

• For a camera in a rendering system, we
• convert the rotation matrix 𝑹𝑹 to Euler 

angles [Slabaugh 1999, e.g.],
• convert the camera calibration matrix 𝑲𝑲 to 

camera focal length, sensor width, and 
shift of principal point, and

• set the render resolution to have the same 
aspect ratio as the photograph. Hannemose et al. 2020: See slide 2.

Slabaugh, G. Computing Euler angles from a 
rotation matrix. Technical report. August 1999.

[Hannemose et al. 2020]



Rotation matrix to Euler ZYX angles
• Rotation matrices

𝑹𝑹𝑥𝑥 𝜓𝜓 =
1 0 0
0 cos𝜓𝜓 − sin𝜓𝜓
0 sin𝜓𝜓 cos𝜓𝜓

, 𝑹𝑹𝑦𝑦 𝜃𝜃 =
cos 𝜃𝜃 0 sin𝜃𝜃

0 1 0
−sin𝜃𝜃 0 cos 𝜃𝜃

, 𝑹𝑹𝑧𝑧 𝜙𝜙 =
cos𝜙𝜙 −sin𝜙𝜙 0
sin𝜙𝜙 cos𝜙𝜙 0

0 0 1

• Combined

𝑹𝑹 = 𝑹𝑹𝑧𝑧 𝜙𝜙 𝑹𝑹𝑦𝑦 𝜃𝜃 𝑹𝑹𝑥𝑥 𝜓𝜓 =
cos𝜃𝜃 cos𝜙𝜙 sin𝜓𝜓 sin 𝜃𝜃 cos𝜙𝜙 − cos𝜓𝜓 sin𝜙𝜙 cos𝜓𝜓 sin 𝜃𝜃 cos𝜙𝜙 + sin𝜓𝜓 sin𝜙𝜙
cos 𝜃𝜃 sin𝜙𝜙 sin𝜓𝜓 sin 𝜃𝜃 sin𝜙𝜙 + cos𝜓𝜓 cos𝜙𝜙 cos𝜓𝜓 sin 𝜃𝜃 sin𝜙𝜙 + sin𝜓𝜓 cos𝜙𝜙
− sin 𝜃𝜃 sin𝜓𝜓 cos 𝜃𝜃 cos𝜓𝜓 cos 𝜃𝜃

=
𝑅𝑅11 𝑅𝑅12 𝑅𝑅13
𝑅𝑅21 𝑅𝑅22 𝑅𝑅23
𝑅𝑅31 𝑅𝑅32 𝑅𝑅33

• Solution option for the three angles

𝜓𝜓1,𝜃𝜃1,𝜙𝜙1 = atan2
𝑅𝑅32

cos 𝜃𝜃1
,
𝑅𝑅33

cos 𝜃𝜃1
,− asin𝑅𝑅31 , atan2

𝑅𝑅21
cos 𝜃𝜃1

,
𝑅𝑅11

cos 𝜃𝜃1

• Another solution 𝜓𝜓2,𝜃𝜃2,𝜙𝜙2 is with 𝜃𝜃2 = 𝜋𝜋 − 𝜃𝜃1
• If 𝑅𝑅31 − 1 < 𝜀𝜀, we can use 𝜓𝜓1,𝜃𝜃1,𝜙𝜙1 = atan2 𝑠𝑠𝑅𝑅12, 𝑠𝑠𝑅𝑅13 , 𝑠𝑠 𝜋𝜋

2
, 0 with 𝑠𝑠 = − sgn 𝑅𝑅31 .

• Since the up-direction of the real camera is often flipped, we may need to use 𝜋𝜋 − 𝜓𝜓1.



Decomposing the camera calibration matrix 
• Suppose the resolution of a given photograph is 𝑊𝑊 × 𝐻𝐻.

• The camera calibration matrix:

𝑲𝑲 =
𝛼𝛼𝑥𝑥 𝛾𝛾 𝑐𝑐𝑥𝑥
0 𝛼𝛼𝑦𝑦 𝑐𝑐𝑦𝑦
0 0 1

=
𝐾𝐾11 𝐾𝐾12 𝐾𝐾13

0 𝐾𝐾22 𝐾𝐾23
0 0 1

.

• If 𝑓𝑓 is the focal length of the camera in mm, while 𝑚𝑚𝑥𝑥
−1 and 𝑚𝑚𝑦𝑦

−1 are the width and the height of a 
pixel in mm, we have 𝛼𝛼𝑥𝑥,𝛼𝛼𝑦𝑦 = 𝑚𝑚𝑥𝑥,𝑚𝑚𝑦𝑦 𝑓𝑓 and the principal point in pixels is 𝑐𝑐𝑥𝑥, 𝑐𝑐𝑦𝑦 .

• This means that the focal length 𝑓𝑓 and shift of principal point 𝑠𝑠𝑥𝑥, 𝑠𝑠𝑦𝑦 of a corresponding virtual 
pinhole camera are

𝑓𝑓 =
ℎ
𝐻𝐻
𝐾𝐾22, 𝑠𝑠𝑥𝑥, 𝑠𝑠𝑦𝑦 =

1
𝐻𝐻

𝑊𝑊
2
− 𝐾𝐾13,𝐾𝐾23 −

𝐻𝐻
2

.

• In a graphics camera, the height of the image in the image plane is usually ℎ = 1.
We can in this way specify the camera vertically.

• If we want to specify the camera horizontally instead, we can use

𝑤𝑤 =
𝑐𝑐𝑥𝑥 𝑚𝑚𝑥𝑥

−1

𝑐𝑐𝑦𝑦 𝑚𝑚𝑦𝑦
−1 =

𝐾𝐾22𝐾𝐾13
𝐾𝐾11𝐾𝐾23

, 𝑓𝑓 =
𝑤𝑤
𝑊𝑊
𝐾𝐾11, 𝑠𝑠𝑥𝑥, 𝑠𝑠𝑦𝑦 =

1
𝑊𝑊

𝑊𝑊
2
− 𝐾𝐾13,𝐾𝐾23 −

𝐻𝐻
2



Blender with Cycles as a case study
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