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Ⅰ. Introduction

With advancements in 3D sensing technology, au-

tonomous agents have significantly improved their

ability to accurately perceive their surroundings and

perform real-time interactions. These technologies are

essential in various applications, such as autonomous

navigation, path planning, and exploration. However,

challenges remain in generating efficient 3D maps.

Traditional single-resolution mapping methods repre-

sent all areas with the same resolution, which leads

to unnecessary high-resolution storage in noncritical

areas, wasting memory resources and increasing com-

putational overhead.

To address these issues, an adaptive resolution

switching approach is required, which enables the pre-

cise mapping of specific regions from the moment a

particular object is detected. For example, during dis-

aster scenarios or building collapse situations, it is cru-

cial to map areas in greater detail once a person is

identified, ensuring an accurate assessment of the

situation. Systems that dynamically adjust resolution

based on object detection can be highly effective in

such contexts.

This paper proposes an efficient adaptive mapping

system for detailed mapping of required regions after

object detection in the aforementioned scenarios. The

primary contribution of this system lies in optimizing

memory usage through automatic resolution switching

based on object detection. To achieve this, techniques

for resolution switching and overlapping point filter-
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This paper proposes a voxel-based adaptive resolution mapping method to enable autonomous robots to

efficiently perceive and map 3D spaces in various environments. Using the YOLO real-time object detection
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efficiency in data capacity and computational performance, confirming its potential for resource optimization in

real-time autonomous robot operations.
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ing are employed, maximizing memory efficiency

while ensuring real-time operation.

The structure of this paper is as follows. Section

2 introduces existing studies related to this research.

Section 3 describes the overall structure of the pro-

posed adaptive voxel mapping system, detailing the

resolution switching and overlapping point filtering

algorithms. Section 4 validates the performance and

efficiency of the proposed system through

experiments. Finally, Section 5 presents the con-

clusions of this study and discusses future research

directions.

Ⅱ. Related Work 

2.1 3D representation methods
Various methods for representing 3D scenes pos-

sess unique characteristics and play a crucial role in

enabling autonomous agents to perceive their environ-

ment and perform tasks such as navigation and

exploration. This paper compares several 3D repre-

sentation methods and discusses their suitability for

robotic applications.

A point cloud[1] represents a 3D scene using in-

dividual points in space, often generated directly from

LiDAR or depth cameras, providing a relatively

straightforward way to construct 3D shapes. Each

point represents a specific coordinate in space, allow-

ing rapid scene perception due to minimal initial data

processing. However, the lack of connectivity between

points makes it challenging to represent surface con-

tinuity and handling large-scale point data requires

significant memory and computational resources.

A mesh[2], composed of triangles or polygons, di-

rectly represents the surfaces of objects and is widely

used in 3D graphics and virtual reality. Mesh-based

methods clearly define the shapes and structures of

surfaces, enabling a precise representation of complex

geometries. However, generating and maintaining

meshes involves high computational and memory

costs. Additionally, since each face is treated as an

independent entity, this method has limitations in rep-

resenting occupancy or spatial states.

Surfel[3] uses disk-shaped textures to represent sur-

face information, where each surfel encodes local sur-

face properties such as position, normal vector, and

color. Surfels are useful for quickly scanning and up-

dating the environment in real time, making them ad-

vantageous for exploratory tasks. However, as they

only store local surface information, surfels have limi-

tations in representing the interiors of objects or occu-

pancy states.

The 3D Gaussian method[4] probabilistically repre-

sents the positions and shapes of objects using

Gaussian distributions, allowing for the handling of

uncertainties in the environment. This approach effec-

tively models simple structures and is suitable for in-

ference tasks based on probability distributions.

However, it is better suited for simple geometries and

may not adequately capture spatial occupancy or

structural details.

The voxel-based representation[5][6] divides the 3D

space into a grid, storing occupancy or probabilistic

information in each cell. This method enables precise

spatial occupancy management, making it suitable for

robot navigation, path planning, and collision

avoidance. Each voxel can store occupancy status or

probabilities, allowing robots to quickly assess the

state of specific locations in the environment.

However, representing high-resolution details requires

substantial memory and computational resources, ne-

cessitating efficient management strategies.

This study adopts OctoMap[7], a voxel-based occu-

pancy representation managed with an octree

structure. OctoMap reduces memory usage and in-

creases data access speed, making it suitable for tasks

such as real-time environment mapping, path plan-

ning, and collision avoidance in robotic systems.

Other 3D representation methods, such as point

clouds, are advantageous for simple structure recog-

nition, but lack connectivity and consume significant

memory, limiting their effectiveness for real-time

navigation. Meshes are suitable for high-quality visu-

alization, but they are computationally intensive and

misaligned with the objectives of the study. Similarly,

surfels and 3D Gaussian methods are limited in their

ability to represent occupancy states, with 3D

Gaussians being particularly resource-intensive for re-

al-time tasks. For these reasons, this study uses

OctoMap to efficiently store voxel-based occupancy
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information, ensuring suitability for real-time navi-

gation and path planning.

2.2 Criteria for applying adaptive resolution 
Adaptive resolution is applied on the basis of vari-

ous criteria in different studies. [8] adjusts the reso-

lution according to the semantic labels and geometric

complexity of objects, allowing detailed representa-

tion of areas with large or complex structures, while

applying lower resolution to relatively simple regions

to maintain efficiency.

In [9], the resolution is adjusted based on the dis-

tance from the camera, with closer areas represented

at higher resolution. This approach focuses re-

source-intensive computations on nearby regions,

making it suitable for tasks that require high levels

of detail in real-time operations.

Studies such as [10] and [11] refine the resolution

of cells when new sensor measurements deviate from

current map estimates. On the contrary, cells that

maintain similar states are merged to reduce memory

usage. This approach offers flexibility by adjusting the

resolution based on measurement consistency and

geometric complexity.

This paper proposes an adaptive resolution applica-

tion method that is triggered from the moment a spe-

cific object is detected in a region. Existing adaptive

mapping methods based on distance or geometric

complexity are effective in various environments but

are not optimized for applications requiring precise

information in specific regions after detecting critical

objects, such as in disaster scenarios or collapsed

buildings. The proposed method enhances resolution

upon object detection, efficiently providing detailed

information for critical areas, while reducing un-

necessary computations to avoid resource wastage.

This ensures both efficiency and accuracy in real-time

mapping, offering high practicality in specialized

applications.

Ⅲ. System

3.1 System Overview
Fig. 1 illustrates the system model, which utilizes

three types of data—RGB-D images, grayscale im-

ages, and point clouds—captured by a depth camera.

RGB-D images are used for object detection, while

localization[1] is performed based on feature points ex-

tracted from the grayscale images. Finally, adaptive

voxel mapping is conducted using point-cloud data.

In this process, adaptive voxel mapping switches the

resolution for mapping from the moment a specific

object is detected. Additionally, voxel positions are

updated accurately using positional information(TF)

provided by localization, ensuring an error-free cumu-

Fig. 1. System model

Fig. 2. Adaptive voxel mapping flow chart
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lative mapping of the environment.

Fig. 2 illustrates the flow chart of the entire system,

explaining the process of adaptive voxel mapping uti-

lizing object detection and camera-based localization.

When the system starts, 2D object detection, local-

ization, and low-resolution octomap-based mapping

(Octomapping) are performed in parallel. During the

object detection process, the detected area is switched

to high resolution as soon as a human is detected.

Subsequently, the points overlapping with the existing

low-resolution map are removed and finally, a unified

map integrating both low and high resolutions is

visualized.

3.2 Adaptive voxel mapping system

3.2.1 Object detection

In this paper, the moment when an object is de-

tected is defined as the criterion for adaptive reso-

lution switching, and the YOLO (You Only Look

Once) technique is employed to achieve fast and accu-

rate real-time object detection. YOLO enables effi-

cient detection by simultaneously predicting the loca-

tion and class of objects in images or videos. Since

this study requires the simultaneous execution of lo-

calization, mapping and object detection, the light-

weight YOLOv8n model[12], which has low computa-

tional requirements and high speed, is adopted.

Additionally, a pre-trained model based on an open

dataset is utilized, and during the inference process,

the system is configured to detect only objects of the

"person" class. Fig. 3 shows the inference results of

object detection using the YOLOv8n model.

3.2.2 Octomap with localization

Although OctoMap effectively manages the occu-

pancy state of 3D space, it lacks built-in localization

functionality, which limits its ability to accurately esti-

mate the robot's position. To address this limitation,

this study incorporates camera-based localization. By

utilizing image information acquired from the camera,

the robot's position and orientation are estimated.

Fig. 4 illustrates the node graph showing the inter-

action between OctoMap and camera-based local-

ization nodes using a depth camera. In this graph, the

topic /camera/depth/color/points is subscribed to by

the /octomap_server node, which publishes the topic

/occupied_cells_vis_array to visualize the occupied

cells in the 3D space. Simultaneously, the /image_top-

ics topic from the depth camera is subscribed to by

the /localization node, where image tracking and posi-

tion estimation are performed. The measured position

information is then transmitted to the /octomap_server

node via the /tf topic, enabling map updates and error

correction based on these data.

3.2.3 Resolution switching

Fig. 5 illustrates the resolution switching algorithm

and provides a detailed explanation of the transition

process from low resolution to high resolution. When

Fig. 3. Object detection result

Fig. 4. Octomap with localization
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the initial point-cloud data are received, they undergo

preprocessing and are then inserted into the low-reso-

lution octree (lowResOctree). During this process,

each point is classified as either free space or occupied

space, and the state of the octree is visualized in re-

al-time. When an object detection event occurs, the

SwitchResolution function is triggered, reconfiguring

parameters such as resolution, hit/miss probabilities,

clamping thresholds, and tree depth, and initializing

a high-resolution octree (highResOctree) based on

these updated parameters. After the resolution switch,

subsequent point-cloud data are also preprocessed and

updated into the high-resolution octree.

3.2.4 Overlapping point filtering

The overlapping point filtering in OctoMap is the

process of eliminating redundant points between two

octrees with different resolutions to ensure non-over-

lapping adjustments. Fig. 6 illustrates the overlapping

point filtering algorithm, where the filtering procedure

begins by iterating through each point in the new point

cloud data. For each point, a corresponding key is

generated in both the high-resolution and low-reso-

lution octrees. The algorithm then searches for a node

in the low-resolution octree that matches the generated

key. If the pointer of the retrieved node does not refer-

ence a value, this area is considered unoccupied by

the low-resolution octree and the current high-reso-

lution key is inserted into the high-resolution octree.

Ⅳ. Experiment

4.1 Experimental setup and configuration
In this study, a voxel mapping system based on

a 3D occupancy grid map is used to create a low-reso-

lution map in an indoor environment, which switches

to high resolution for mapping when a search for a

victim is performed. The hardware configuration in-

cludes an unmanned ground vehicle (Scout Mini

Robot), a depth camera (Realsense 435), and a laptop

equipped with a Nvidia Geforce RTX 3060. Fig. 7

shows the Scout Mini Robot platform with all the

hardware components used in the experiment

Fig. 6. Overlapping Point Filtering Algorithm

Fig. 5. Resolution switching algorithm

Fig. 7. Hard ware configuration for mapping
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attached.

4.2 Experiment result

4.2.1 System operation result

Fig. 8 presents the system operation results, where

(a), (b), (c) and (d) depict object detection, robot driv-

ing, adaptive mapping, and movement trajectory,

respectively. The figure demonstrates that when an

object is detected, the mapping transitions from low

resolution to high resolution, confirming the proper

functioning of the system.

Fig. 8. System operation

4.2.2 Analysis and evaluation of the

efficiency of the system

This experiment evaluates the efficiency of the

overall map generated through resolution switching by

comparing it with the traditional single-resolution

mapping method. Using low resolution at 1.5 m and

high resolution at 0.5 m as benchmarks, the adaptive

resolution is assumed to be a map combining the two

resolutions. By comparing the total point cloud counts

for the low-resolution, high-resolution, and adaptive

resolution mapping methods, data representation effi-

ciency was analyzed. Table 1 and Fig. 9 below present

the point cloud counts and the overall maps for each

resolution.

The point cloud count increased in the order of low

resolution, adaptive resolution, and high resolution, di-

rectly affecting the computational load. As the number

of point clouds increases, the amount of data to be

processed also increases, leading to higher computa-

tional demands. Therefore, adaptive resolution is effi-

cient as it requires less computation than high reso-

lution while maintaining the necessary level of detail.

This result demonstrates that adaptive mapping effec-

tively manages computational resources.

Additionally, during the adaptive voxel mapping

process, the ratio of high resolution to low resolution

areas was adjusted to various values, as presented in

Table 2, to analyze changes in the capacity of the

map. This evaluation assessed the ability of adaptive

mapping to dynamically allocate resources according

to the situation. The analysis revealed a tendency for

the map capacity to increase as the proportion of

high-resolution areas grew. Fig. 10 visually represents

the results of the overall map for each ratio set in

Table 2.

Table 2. Comparison of map size based on low and high
resolutoin ratios

Table 1. Comparison of poit cloud number

Fig. 10. Comparison of overall maps based on the 
ratio of low resolution to high-resolution 
in adaptive resolution mapping

(a)

(b) 

(c) 
Fig. 9. (a) low resolution map, (b) High resolution map,
(c) Adaptive resolution map.
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Ⅴ. Conclusion

This study proposed a voxel mapping system based

on adaptive resolution switching to enable autono-

mous robots to efficiently perceive and map 3D spaces

in various environments. The proposed system com-

bines object detection and resolution switching to map

only the required regions at high resolution, while fil-

tering overlapping areas to optimize memory usage

and computational load.

Experimental results demonstrated that adaptive

resolution mapping effectively reduces the total num-

ber of point clouds compared to single resolution map-

ping, thus contributing to reduced memory usage and

CPU computation. Notably, the mixed-resolution

maps of low and high resolution confirmed the sys-

tem's ability to dynamically allocate resources, high-

lighting its flexibility and efficiency.

The proposed system shows great potential for ap-

plication in various fields that require efficient re-

al-time resource management, such as disaster rescue,

logistics robotics, and indoor exploration. Future re-

search will focus on verifying the system's perform-

ance in more complex environments and advancing

its capabilities for real-time exploration and collabo-

rative performance in autonomous systems.
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