GaussianZoom: Progressive Zoom-in Generative 3D Gaussian Splatting
with Geometric and Semantic Guidance

Supplementary Material

This supplementary material is organized as follows.
Section A presents the pseudocode of the GaussianZoom
pipeline. Section B elaborates on the formulation of our
continuous Level-of-Detail representation. Additional qual-
itative comparisons are provided in Section C. Section D re-
ports additional quantitative results, including ablation stud-
ies of the LoD and VLM components, comparisons under
arbitrary magnification factors, and a runtime and memory
efficiency analysis. Limitation discussions are provided in
Section E.

A. Pseudocode

Algorithm A shows the pseudocode for GaussianZoom
pipeline.

Algorithm A GaussianZoom Pipeline

Require: Input images {I;}% ,, camera poses { P, } ¥,
1: Train coarse 3DGS Gy on ({I;},{P;})
2: fort =1to N do > Zzoom step
3: Generate zoom-in cameras { P7;} by scaling focal
length
4: Render wide-view image R;” and zoom-in RGBD
maps {(Rj ;, D ;)} from G,
5 for each zoom-in view ¢ do
6: cti < VLM(RY, Rf ;)
7: J « NearestView(P7,;)
8: Fi, < Enc(R};)
9 Ft,i “— Wjﬂi(Ft’j, thz)
10: IPR  S(Fy i, Fiycr)
11: end for
12: Train 3DGS at scale t on {I}}} to obtain G,
13: end for

B. Continuous Level-of-Detail Formulation

B.1. Densification

During each zoom step, primitives from previous steps are
treated as fixed: their parameters remain unchanged, and
only their screen-space gradients are used for densification.

For splitting operations, two cases are considered. For
a fixed primitive, two scaled-down child primitives are di-
rectly appended beneath it as its children. For a non-fixed
primitive, the original node is removed and replaced by two
scaled children under the original primitive’s parent, avoid-
ing redundant representations at the same level.

For cloning operations, a newly instantiated primitive
with identical attributes is inserted as an additional child
under the parent primitive.

B.2. Opacity Adjustment

In zoom-in setting where the focal length changes from f to
/', the scale projection coefficient of a primitive is defined
as 1) = d/f and becomes ¢’ = d'/ f after zoom-in. Since
the camera pose is nearly unchanged, the distance variation
is negligible, i.e., d’ = d, giving
!/
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showing that the change of scale is dominated by the focal
length modification.

The ratio determines whether a primitive should rely on
its parent or child in the LoD hierarchy. When ' /1) > 1,
the new viewpoint corresponds to a coarser effective scale,
and the parent primitive becomes the appropriate represen-
tation; when ¢’ /1) < 1, the viewpoint demands finer de-
tail and the child primitive becomes preferable. If neither
condition holds or if the primitive lacks a valid parent/child
counterpart, no transition is needed and opacity adjustment
is skipped entirely.

When a transition is required, opacity must change
smoothly to avoid popping artifacts. Let 1, and 1) denote
the stored LoD ratios of the parent and child primitives, re-
spectively. Because the parent and child lie close in space,
their distances satisfy d,, ~ d. ~ d’, yielding
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We adjust the opacity using a logarithmic interpolation with
base of zoom factor s:
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The parent weight decreases as the zoom-in requires more
detail, while the child weight increases correspondingly,
and vice versa for zoom-out, forming a symmetric adjust-
ment around the transition point. The normalization of these
weights follows from the reciprocal structure of the ratios.
Because d;, = d., we have
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Figure A. Additional qualitative results of zoom-in task on Mip-NeRF360 dataset.
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Figure B. Situations with larger magnification. Text below images are prompts generated by vision-language model.

Method CLIP-IQA 1 MUSIQ + NIQE |

11.3x  204x  46.7x  11.3x  204x  46.7x  11.3x  20.4x  46.7x
SRGS [2] 0322 0252 0258 4677 2572  17.65 6648 9768  13.28
Sequence Matters [3] 0319 0251 0251  47.15 2623 17.55 6.083 9292 1326
Ours 0370 0334 0397 5539 4382 3628 5.092 5479  6.187

Table A. Quantitative comparison under arbitrary magnification on Mip-NeRF360. Our progressive pipeline maintains high perceptual

quality across all tested magnification levels, while competing methods degrade significantly at higher zoom factors.

which yields the identity
Wy + we & 1, 5)

Thus, opacity is conserved during the transition, ensuring
that the parent-child mixture produces a visually stable and
alias-free LoD change across zoom levels.

A detailed opacity adjustment is shown in Algorithm B.

Algorithm B Opacity Adjustment

Require: Ratio of scale projection coefficient r = %
1: if r € [1, s) and has parent then
2 w=1-log,r
3: elseif 7 € (1,1) and has child then
4: w=1-log,r
5: else if » > 1 and has no parent then
6
7
8
9

w=1
. else if 7 < 1 and has no child then
: w=1
. else
10 w=20

11: end if

C. Additional Qualitative Results

We further show additional qualitative results of zoom-in
task on the Mip-NeRF360 [1] dataset in Fig. A. As the
zoom factor increases, competing methods tend to produce
blurrier outputs with reduced semantic detail. In contrast,
our approach maintains clearer structures and semantically
richer textures across zoom levels, demonstrating improved
quality under zoom-in tasks.

D. Additional Quantitative Results
D.1. Ablation of LoD and VLM Components

As noted in the main paper, the benefits of the LoD hierar-
chy and VLM-guided prompting become more pronounced
at higher magnifications. Table B presents quantitative ab-
lation results under 64 magnification using no-reference
image quality metrics. Both components contribute posi-
tively, with the full model achieving the best scores across
CLIP-IQA, MUSIQ, and NIQE.

Method CLIP-IQA + MUSIQ 1 NIQE |
Ours w/o LoD 0.319 37.44 9.18
Ours w/o VLM 0.431 38.11 5.84
Ours 0.436 4221 5.53

Table B. Quantitative ablation of LoD and VLM components at
64 x magnification. Higher CLIP-IQA/MUSIQ and lower NIQE
indicate better perceptual quality.

D.2. Results under Arbitrary Magnification

A key advantage of our LoD over prior p approaches is
its ability to support arbitrary magnification factors beyond
4x. Table A reports no-reference quality metrics for three
representative magnification levels (11.3x, 20.4x, 46.7x)
on the Mip-NeRF360 dataset, comparing against SRGS [2]
and Sequence Matters [3]. Our method consistently outper-
forms both baselines at all magnification levels, demonstrat-
ing robustness to increasing zoom factors.



D.3. Runtime and Memory Efficiency

Table C reports the average per-image super-resolution time
and peak GPU memory when upsampling to 1K resolution
under identical hardware.

Method RunTime (s) | Memory (GB) |
SRGS [2] 1.54 3.56
Sequence Matters [3] 6.08 23.48
Ours 2.57 21.72

Table C. Per-image SR runtime and peak GPU memory when up-
sampling to 1K resolution under identical hardware conditions.

E. Limitation

Our method will encounter difficulties at very high magni-
fications, where current vision-language models struggle to
infer coherent structures, leading to semantically weak tex-
tures. As shown in Fig. B, when the zoom range becomes
extreme, current vision-language models often fail to cor-
rectly identify the target region, producing text prompts that
no longer correspond to the underlying scene content.
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