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Abstract. This paper presents an experimental analysis of the behavior of a significance metric
for 3D scene objects used for preliminary rendering optimization setup in the Unity environment.
The influence of three object characteristics is considered, from which the final significance
metric is formed: geometric complexity (polygon count), spatial size, and the object’s potential
as an occluder, calculated based on visibility analysis performed using ray casting. Combining
these features with adjustable weights makes it possible to obtain a unified estimate of the
potential importance of an object and its impact on rendering during the configuration of
optimization approaches. The results show that geometric complexity provides strong separation
of objects into groups, assigning 22.6% of the objects in the experimental scene to the high-
significance category. The balanced configuration and the dominance of other coefficients
individually demonstrate lower differentiation, yet accurately identify the most complex objects
intentionally placed in the scene, while classifying over 70% of the remaining models as low-
significance. Regardless of the chosen configuration, the method correctly identifies candidates
clearly suitable for further optimization.
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AnHoTamusA. B pabore TpoBeneH aHaIM3 MTOBEICHUS METPUKU 3HAYMMOCTH OOBEKTOB TPEX-
MEpHOU CIIEHBI U BIUSHUA Ha Hee KO3(POUIIMEHTOB B paMKaxX MeToda ISl IIpeIBapUTeIbHOM
HACTPOMKM ONTUMM3aLUM peHaepuHra B cpeae Unity. PaccMaTpuBaeTcst BIMSIHUE TpeX Xa-
PaKTEepUCTUK O00BEKTa, U3 KOTOPBIX (hOPMUPYETCSI MTOTOBasi METpPUKA 3HAYMMOCTU: FeOMe-
TpUUYecKasl CJIOKHOCTb (KOJIMYECTBO IMOJUTOHOB), MPOCTPAHCTBEHHBIM pa3Mep M MOTEHIIMAI
00BbEKTa B KaUeCTBe OKKITIOACPa, BEIYMCIISIEMBI Ha OCHOBE aHaJIM3a BUIMMOCTH, BBITIOTHSIE-
MOTO C ITOMOIIIBIO 3aITycKa Jydeii. O0beIMHEHNE 3THX IPU3HAKOB C HaCTpanBaecMBIMU BecaMU
ITO3BOJISICT TTOJYYUTh €AUHYIO OIEHKY IMOTeHIIMAJbHON BaXXHOCTU O0BEKTAa U €TO BIMSHUS Ha
PEHIECPUHT TIPU HACTPOUKE ONTUMU3AIIMOHHBIX ITOIXOM0B. Pe3yabTaThl MOKa3bIBAIOT, YTO T'€O-
MeTpUYECKasl CJI0XHOCTh 00eCIeurBaeT CUIbHOE pasieicHre 0O0beKTOB IO TpyInaM, OTHOCS
22,6% 00BEKTOB Ha IKCIIEPMMEHTAJIbHOM CIIEHE K IpyIIle BbICOKOK 3HauMuMmocTh. CbOalaHCu-
POBaHHBIN 3aMycK W JOMWHUPOBAHUE APYTUX KO3I(DOUINUEHTOB MO OTAEIbHOCTU JEMOHCTPU-
pYIOT MeHbIyIo auddepeHIInanmnio, Ho TOYHOE OIpe/e/ieHe 3apaHee BCTPOCHHBIX B CLIEHY
CaMbIX KOMILIEKCHBIX O0BEKTOB, IIPpX 3TOM OTHOCS 6osiee 70% ocTajbHBIX MOJEJIE K MaJlo3Ha-
yamuM. He3zaBucumo oT BbIOpaHHOM KOHMUIypaluKl, METOA KOPPEKTHO BBISBISET KaHIUAA-
TOB, SIBHO IOAXOSIIIMX JJIsSI JaJIbHEHIIeH ONTUMMU3alIUN.
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Introduction

Nowadays, modern 3D interactive applications are developed using 3D engines such as Unity and
Unreal Engine. Despite their popularity in the gaming industry, these engines are also widely used
in projects related to education, industrial simulations, and the creation of digital twins [1—5]. As
technology evolves, the complexity of such projects continues to grow. 3D scenes require more com-
putations and contain increasingly detailed objects, while still demanding smooth performance and
fast user feedback [6—7].

To meet these requirements, developers employ various optimization techniques. A large number
of optimization tools are already integrated into modern 3D engines, but they require proper config-
uration to be effectively applied. The need to maintain a balance between visual quality and perfor-
mance makes research on the application of optimization techniques in 3D engines both relevant and
essential [8].

Among the most commonly used in-engine optimization approaches are Level of Detail (LOD)
and occlusion culling systems. LOD techniques adjust the geometric complexity of objects based on
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their distance from the camera. Each object contains multiple levels of detail that are switched accord-
ing to predefined thresholds. Occlusion culling, on the other hand, reduces the rendering workload by
excluding objects that are not visible to the camera due to occlusion by other objects (occluders), or
simply because they are outside the field of view [9—12].

All things considered, both of these approaches, in their integrated implementations, require
configuration. Such configurations heavily rely on manual decisions made by developers. To achieve
efficient use of these tools, developers must determine which objects are important, which can be
simplified, and which can serve as occluders for surrounding objects. In large and complex 3D scenes
containing objects of varying quality, these decisions are often based on heuristic assumptions. One
way to simplify this process and increase its efficiency is to introduce a formalized evaluation frame-
work that helps analyze which objects require optimization techniques.

Existing research primarily focuses on improving real-time rendering optimization algorithms
[13—15] or visibility techniques [16—17], while less attention is given to the analysis of objects targeted
for optimization during the scene configuration stage. In particular, the combined effect of geometric,
spatial, and visibility-related features on object importance remains insufficiently studied.

Related studies also show that the problem of identifying visually or functionally important ele-
ments of a 3D scene has already been addressed from different perspectives, including mesh saliency
[18—22], viewpoint entropy [23], learning-based view selection [24], and perceptual rendering [25].
These works confirm that scene content can be differentiated by importance, visibility relevance, or
perceptual contribution. However, such approaches are mainly focused on perception, view planning,
or runtime rendering behavior rather than on the preliminary configuration of built-in optimization
tools in 3D engines. In this context, the formalized evaluation of scene objects for editor-based opti-
mization support remains insufficiently explored.

To address this gap, this work considers an object significance metric as a key factor in scene anal-
ysis. This unified metric is used to evaluate objects based on their features, such as geometric comple-
xity, spatial size, and occlusion potential calculated through ray-based analysis.

This research investigates the behavior of these calculated metrics under different parameter con-
figurations. The main objective is to analyze how different values of feature weights affect the analysis
results and optimization-related decisions, such as object classification and occluder selection.

The key contributions of this paper are as follows:

 analysis of the influence of object properties on significance-based evaluation;

» experimental study of object classification and occluder selection under different coefficient set-
tings.

The proposed approach is implemented and evaluated within the Unity engine using experimental
3D scenes containing different amounts of primitive and low-poly objects. The experimental results
provide insights into the behavior of significance-based scene analysis and demonstrate the role of
weighting coefficients in this approach.

Proposed approach

The developed method is based on the preliminary analysis of 3D scene objects through the forma-
tion of a unified significance metric. The objective is to provide a formalized representation of each
object’s importance, which can be used for subsequent automated or manual optimization decisions,
such as level of detail assignment and occluder selection.

The proposed approach operates on a set of object data collected from a 3D scene and evaluates
each object independently by analyzing its predefined properties. These properties reflect how an ob-
ject contributes to rendering performance and the visual perception of space in a 3D scene. While the
contribution of many object properties deserves further investigation, this study primarily considers
three features.
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1. Geometric complexity

Geometric complexity is defined as the number of polygons (triangles) that constitute the analyzed
object. This value reflects the computational cost of rendering the object and is commonly used in
LOD systems, since one of the most straightforward ways to reduce rendering cost is to decrease the
number of processed polygons.

2. Spatial size

Spatial size represents the physical extent of an object within the scene. It is computed based on
the dimensions of the object’s bounding volume. By considering spatial size, it becomes possible to
evaluate how much space an object occupies. Larger objects are more likely to influence visibility and,
therefore, may act as occluders that block other objects. However, spatial size alone does not capture
the full scene context. For instance, a large object located at the boundary of the scene may not func-
tion as an occluder, but rather as a candidate for LOD configuration.

3. Occlusion potential

Occlusion potential is calculated using a ray-based analysis. A set of rays is generated from a prede-
fined number of source points around the analyzed object. Intersections with other objects, excluding
the target itself, are recorded. If the number of intersections exceeds a specified threshold, the ob-
ject can be marked as an occluder (for example, by assigning the “Occluder Static” flag in the Unity
engine). Occlusion potential reflects the likelihood of an object blocking visibility by analyzing its
surrounding environment, providing an approximation of its contribution to occlusion culling.

To combine the considered object characteristics into a unified value, a significance metric is in-
troduced:

V(o):k1~C(0)+k2-S(0)+k3-H(0),

where V(0) is the significance value of object 0; C(0) is the normalized geometric complexity of object
(number of triangles); S(0) is the normalized spatial size (object’s bounding box volume); H(0) is the
normalized occlusion potential estimated by using ray-based analysis; k1, k2, and k3 are weighting
coefficients that define the contribution of each feature and satisfy the condition k1 + k2 + k3 = 1.

Prior to aggregation, all object feature values are normalized to the range [0, 1] using min-max
normalization. This ensures comparability and interpretability between values of different scales.

An additive aggregation was chosen instead of multiplicative model in order to maintain balance
between features, avoiding possible suppression effect caused by low-valued components. Using an
additive model also simplifies sensitivity analysis, since it was important to see how different coef-
ficient setups influence resulting metric. The application of multiplicative models is considered as a
potential direction for future work.

The significance metric produces a scalar value representing the overall importance of an object
within the scene. The weighting coefficients can be adjusted to emphasize different aspects of object
importance, such as rendering cost (geometric complexity), spatial size, or occlusion capability.

The choice of a linear additive model for significance metric is also motivated by several practical
considerations derived from 3D application development. First, linear aggregation ensures computa-
tional transparency during scene preprocessing, allowing easy and fast result interpretation. Second,
the additive form provides direct traceability: the influence of each coefficient can be immediately
understood and tuned. Third, the metric is supposed to be used in context of scene preprocessing,
where rapid iteration and predictable behavior are in priority. It is also important that chosen model
does not require high computational costs and is easy to integrate in project analysis pipeline. The
model may get more complex based on discovered coefficient influence and other further research.

By incorporating the computed significance value into 3D scene analysis, more informed deci-
sions can be made during the configuration of optimization methods. First, the metric can be applied
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to occluder selection. A high significance value may indicate both strong occlusion potential and
substantial spatial presence, making such objects more likely to block visibility and serve as effective
occluders.

To conduct controlled experimental studies of the metric behavior, several configurable parameters
are defined prior to analysis. These include the number of rays and their sources, threshold values for
occluder detection and classification, as well as the weighting coefficients.

In the context of this study the selection of weighting coefficients is performed empirically to define
representative configurations for analysis. Flexible coefficient tuning is supported, allowing adapta-
tion to different 3D scene properties and optimization goals. Several configurations are considered,
including balanced weighting and setups based on individual dominance of each feature. The choice
of coefficients may depend on the type of the analyzed scene. For example, geometry-dominant anal-
ysis can be beneficial for scenes containing big amount of highly detailed objects. These experimental
configurations are designed to investigate this idea. The derivation of optimal coefficient values for
specific scene types is a prospect for future research.

The proposed framework serves as a basis for analyzing the influence of different weighting coeffi-
cient combinations on optimization decisions, which is further explored in the experimental section.

Research methods

The purpose of the research is to investigate the influence of characteristic weighting on the behav-
ior of the proposed significance metric and its impact on optimization configuration decisions in 3D
scenes. Following research methods were employed:

1. Controlled experiment. Four fixed configurations of coefficients were defined and tested on the
same 3D scene to check the effect of each configuration in the same context.

2. Comparative analysis. The analysis finishes with object classification across three significance
groups (low, medium and high). The results of these classifications were compared for each configu-
ration.

3. Mean significance metric value was calculated for each configuration to check overall tendency
of metric.

4. Five large-scale objects were intentionally placed in the scene to verify that any configuration
will constantly identify evidently important objects.

Experimental setup

The experiments were conducted using a pre-built 3D scene created in the Unity engine editor.
The test scene consists of a large number of static simple building models (up to 1000), representing
an urban-like environment with varying object scales and high density. Most of the objects are not
unique, as they are instances of seven base building models. These base objects differ in spatial size
and geometric complexity. Such a configuration ensures diverse object combinations within the scene,
making the task of identifying significant objects more challenging. Among all objects, five of them
have increased size to imitate evident occluders. In addition, they differentiate in color. Fig. 1 shows
model examples, while Fig. 2 demonstrates scene setup from the top-down view in Editor Mode.

Since the main goal of the study is to investigate the role of weighting coefficients in the computa-
tion of the significance metric, the parameters related to occlusion potential analysis (number of rays,
number of ray sources, and occluder threshold) were predefined and kept constant throughout all
experiments. Four experimental cases were defined, each corresponding to a different configuration
of weighting coefficients.

The specific values of the weighting coefficients used in the experiments are defined as follows:

1. Balanced configuration: k1 = 0.33, k2 = 0.33, k3 = 0.33;

2. Geometry-dominant configuration: k1 = 0.6, k2 =0.2, k3 =0.2;
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Fig. 2. Scene top-down view

3. Occlusion-dominant configuration: k1 = 0.2, k2 = 0.2, k3 = 0.6;

4. Size-dominant configuration: k1 = 0.2, k2 = 0.6, k3 = 0.2.

These configurations were selected to explicitly analyze the influence of each feature on the re-
sulting significance metric. The first experiment is based on a balanced configuration, where all co-
efficients have equal importance. The second experiment uses a geometry-dominant configuration.
By increasing the importance of geometric complexity, the analysis prioritizes objects with a high
polygon count and, consequently, higher rendering cost. The third experiment focuses on occlusion
potential, where the main objective is to analyze differences in occluder selection across the three
configurations. Fourth experiment uses spatial size of the object.

The evaluation of the experiments is based on the distribution of objects across significance ranges
and the number of selected occluders. Three significance levels are introduced based on the value of
V(o0): low (< 0.33), medium (0.33 < V(0) < 0.66) and high (> 0.66). These thresholds correspond to an
equal partitioning of the normalized value range. A simple partitioning based on three groups ensures
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consistent comparison between different configurations and keeps analysis results easily interpreta-
ble. The results are compared to determine how different weighting schemes influence optimization
decisions.

The experiments were performed within the Unity editor environment, inside a project containing
the implementation of the proposed approach along with the required 3D assets. The analysis tool is
implemented as a custom editor extension, enabling automated processing of the scene. The analysis
is performed outside of runtime, as its purpose is to support configuration and optimization rather
than real-time execution.

Results and discussion

The results of the experimental study are presented in Tables 1 and 2.

Table 1
Distribution of objects by classification levels
Configuration Coefficient values Low significance group Medium significance High significance
group group
k1=10.33,
Balanced k2 =0.33, 701 294 5
k3=10.33
k1 =0.6,
Geometry k2=10.2, 496 278 226
k3=0.2
k1=0.2,
Occlusion k2=0.2, 700 295 5
k3=10.6
k1=0.2,
Spatial size k2=10.6, 986 9 5
k3=0.2

Table 1 shows the distribution of objects across significance-based classification levels for different
weighting configurations of the metric. The classification is derived from normalized values of the signi-
ficance metric V(0), which combines geometric complexity, spatial size, and occlusion potential.

It is also important to state again that experimental scene contained five intentionally placed large-
scale building models which were adjusted manually to serve as primary occluders. Across all exper-
iment configurations these five objects consistently received the highest significance scores. These
objects were always correctly classified as high significance objects, while also marked as occluders by
occlusion analysis. Shown invariance to coefficient differences demonstrates that the analysis exhibits
robustness in identifying most evident and important objects for optimization, regardless of the em-
phasis placed on different coefficients.

In the balanced configuration, where all features contribute equally, only five objects are assigned
to the high-significance group, which are evident occluders. Most of the models are classified as
low-significance objects. Considering the context of experimental scene, this result demonstrates that
in case of non-existing domination among the coefficients, only the high-profile objects are treated
as significant ones.

When geometric complexity is prioritized, the distribution shifts toward a higher number of signifi-
cant objects. The share of high-significance objects increases, while the number of low-significance
ones decreases compared to other configurations. This indicates that geometric complexity provides
a clearer distinction between objects, as it introduces a stronger contrast between simple and complex
models.
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In contrast, the occlusion-dominant configuration results in a noticeably skewed distribution, simi-
lar to balanced configuration, where most objects fall into the low-significance group. This suggests
that occlusion potential alone does not provide sufficient differentiation in dense scenes, as many
objects demonstrate similar visibility behavior under ray-based analysis.

The most pronounced effect is observed in the size-dominant configuration. In this case, almost all
objects are classified as low significance, with only a small number identified as highly significant. It
should be noted that several large-scale objects were intentionally included in the scene as reference
structures. These objects are correctly classified as highly significant, while the remaining objects
form a nearly homogeneous group. This behavior indicates that spatial size alone is not sufficient for
reliable object importance evaluation in complex environments.

Table 2 presents the average value of the significance metric for each experimental configuration.
The mean value is computed by averaging the significance metric values for each previously analyzed
object in the scene. The results reflect the tendency of the metric on current scene. Higher values in-
dicate a shift towards higher significance among the objects, while lower values show that most of the
scene consists of less significant 3D models.

The geometry-dominant configuration produces the highest mean value, reflecting a stronger dif-
ferentiation between objects. The balanced configuration demonstrates moderate values, while the
occlusion- and size-dominant configurations result in lower averages, indicating weaker separation
between objects.

Table 2
Average values of the significance indicator for each experimental configuration

Configuration Mean V(o)
Balanced 0.23
Geometry 0.31
Occlusion 0.23
Spatial size 0.18

Overall, the results demonstrate that the weighting coefficients of the significance metric influ-
ence object classification. Among the considered features, geometric complexity provides the most
effective basis for differentiation, while spatial size and occlusion potential, when used independently,
show limited capability in distinguishing object importance in dense scenes.

While direct comparison with existing methods is hard to perform due to different evaluation met-
rics and goals, Table 3 provides a qualitative comparison of the proposed approach with existing tech-
niques mentioned in introduction as related work.

Additionally, in the context of comparing approach discussed in this work with other approaches,
it is important to note that recent advances in machine learning, including LLM and vision-based Al
systems, provide powerful tools for semantic scene understanding, object importance estimation and
image analysis. Those approaches can address similar problems by learning perceptual or significance
directly from provided data.

However, the proposed method differs in scope and application context. First, it is meant to be
used in the preprocessing stage within 3D engine workflow, where low computational overhead and
controllability are very important. Calculation of metric does not require additional training data or
any integration outside of engine tools. Second, the proposed approach provides easy interpretability,
since each feature can be directly controlled through weighting coefficients. It allows developers to
manage and modify analysis process based on their optimization goals and current 3D scene, which
can be difficult to achieve with black-box models.
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| _a
Table 3
Qualitative comparison of the proposed approach with existing methods
Lo . Viewpoint Object-space
Criterion Maesh saliency [18] selection [24] VSD [16] Proposed approach
Preliminary
salifflzceIPot :ﬁiesh View set selection Global visible surface in-engine
Intended use simoli ﬁ)c/:a tion and for synthetic training determination optimization
P data generation (object space) configuration

compression .
P (occluder selection)

Binary classification

Saliency score per Unified significance

Output type vertex or per face Set of camera poses (vmble@nvmble metric per object
per triangle)
Requires 3D engine No No No Yes
. .. Yes (RPCA-generated
Requires training data ground truth) Yes (NYUDV2) No No
Individual faces Individual triangles

Operates on Rendered images ‘Whole 3D object

(patch-based) (per ray)

Yes (can mark
No No No potential occluders
in Unity engine)

Can affect scene/
objects

Conclusion

This paper presents an experimental study of a significance-based approach to object evaluation
in 3D scenes within the Unity engine. The proposed metric combines geometric complexity, spatial
size, and occlusion potential into a unified scalar value that can be used for object classification in the
context of rendering optimization, particularly for occluder selection.

The experiments conducted show measurable shifts in object grouping under different configura-
tions. In particular, the geometry-dominant configuration increases the number of high-significance
objects from 5 (in balanced case) to 226, while reducing the number of low significance objects from
701 to 496. Spatial size configuration demonstrates high concentration of objects in low significance
group (986 out of 1000), indicating reduced differentiation. The different distribution of objects
across classification levels is also shown by mean V(o) values, calculated during experimental runs.
Geometry-dominant configuration produces highest average value (0.31), while size-dominant con-
figuration produces the smallest (0.18). The results confirm that different weighting schemes affect
object classification based on their significance.

Notably, most of the time, high-significance group received only five objects, which were inten-
tionally placed large-scale occluders. The consistency of analysis results in these cases across most
of the configurations confirms the robustness of the significance metric in detecting models which
definitely influence scene visibility and rendering complexity.

The proposed approach can be integrated into existing project configuration workflows as a pre-
processing tool for rapid 3D scene analysis. By providing a formalized and configurable estimate of
object importance, the method reduces reliance on manual judgments, which is particularly valuable
for large and complex scene set ups with huge amounts of high-detail models with dense placements.

Future work may proceed in several directions. First, more complex benchmark evaluation is re-
quired to research influence on metric values in cases which are closer to real application scenarios.
Second, results of rendering optimizations configured based on metric evaluation should be inves-
tigated. Finally, adaptive coefficient and analysis parameter selection is an important research pros-
pect, since it can possibly reduce the need for manual value tuning.
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The obtained results provide basis for further research in scene analysis based on object signifi-
cance metric. The critical role of parameter selection and coefficient weighting in such methods is
also highlighted, marking the problem of optimization technique configuration adaptation for various
3D scenes.
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