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Research Questions ﬂ

RQ1 |s it possible to|visualize and measure simultaneously?

RQ2 How does the proposed volume estimation
compare\against existing techniques?

RQ3 How does the method perform
across different|spatial scales?

RQ4 \Which Inputs yield good results?
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SVR for Volume Measurement — Challenges

Object Volume = Number of Voxels x Voxel Extent® x Voxel Fill Level

Hollow Objects Sub-Voxel Structure
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Results — Test Setup
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Results — Volume Measurement
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Results — Anhimation
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Research Questions — Answers ﬂ

RQ1 |s it possible to|visualize and measure simultaneously?

RQ2 How does the proposed volume estimation
compare\against existing techniques?

RQ3 How does the method perform
across different|spatial scales?

RQ4 \Which Inputs yield good results?
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2025 Huang,J. Zhou, Q. etal.
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2025 Niemeyer, M. Manhardt, F. et al.
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Visualization Contributions

SVR - Software Rasterization
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Volume Integral

AL AN FAR

Integration Techniqgues

Approach Device | Dim.7T | Time | Error| | Space|
Riemann sum 3D (N = 512) GPU 3 | 512ms | 334x104| 0
Analytic 1D CPU 1 | 0.35ps 0 | 0
scipy.integrate.quad_vec CPU 1 ]0.30ms | 6.59 x 1o3e 0
scipy.ntegrate.tplquad CPU 3 36.39s | 1.49 x 108 0
LUT 1D (bicubic, N = 164) CPU 1 0.19us | 2.47 x 10 1kB
LUT 3D (bicubic, N = 16°) CPU 3 - - 17.18 GB
MLP (8128>128>1) GPU 3 0.03ms 5.5 x 103 83.5kB
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Hypotheses

RQ1 - Is it possible to visualize and measure simultaneously?

@
@

hyp 1.1:
hyp 1.2:

Visualization and measuring are possible simultaneously.
Visual differences from the SVR modifications are minor and do not distract from the realistic visualization.

RQ2 - How does the proposed volume estimation compare against existing technigques?

@&
©&

®

hyp 2.1:
hyp 2.2:
hyp 2.3:

SVRs sub-voxel geometry enables APE scores below 10%.
Training the 3D representation for measuring takes longer with SVR.
Files sizes of the 3D model are larger.

RQ3 - How does the method perform across different spatial scales?

@
©

hyp 3.1: Captured macroscopic objects, i.e., everything not requiring a microscope to observe or larger, can be visualized and measured.
hyp 3.2

Captured areas spanning several kilometers and smaller can be visualized and measured.

RQ4 - Which inputs yield good results?

@&
@
@

©&

- oW BT oL ]
'-.-:'E]-II-.-II"I'I;--IZ II-.-'I:".F;

hyp 4.1:
hyp 4.2:
hyp 4.3:
hyp 4.4

The input must be at least 10-50 images.

The image size required is about 1280 x 720 pixels (HD).

The training parameters can remain their default values.

Occlusion and lack of variation in camera placement both equally negatively affect visualization and volume measurement.
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RQ1 - Voxel Filling
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RQ1 & RQ4 - Voxel Filling & Camera Count
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Cutout Volume
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Masking
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Corner Value Bounds
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LUT

Modelling Approaches
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Systematic Literature Review ﬂ
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