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Abstract

Autonomous robots are essential for navigating and collect-
ing data in hazardous environments where human interven-
tion is impractical. Current methods often result in inefficien-
cies, missed high-quality imagery, and inadequate coverage
in critical areas such as environmental monitoring, disaster
response, and medical diagnostics. The absence of intelli-
gent viewpoint selection leads to redundant data and poor im-
age quality, limiting robotic effectiveness. This research pro-
poses a framework that utilizes reinforcement learning and
information-theoretic approaches to optimize viewpoint se-
lection, aiming to enhance data collection efficiency and im-
age quality while ensuring safety. This work has the potential
to transform industries reliant on precise visual data and sig-
nificantly improve medical robotics, enabling better diagnos-
tics and patient care.

Introduction

As technology advances in automation and robotics, the
ability of intelligent robots to operate autonomously in chal-
lenging environments becomes increasingly essential. This
research focuses on developing autonomous photography
capabilities for robots, particularly optimizing viewpoint se-
lection to capture the most informative images of critical
subjects, such as structural cracks and medical anomalies.

There is a growing need for high-quality, contextually rel-
evant imagery in hazardous or hard-to-reach locations. Tra-
ditional data collection methods often lead to inefficiencies
and missed opportunities, especially in disaster recovery, re-
mote ecosystems, and medical settings. For example, in dis-
aster recovery, robots can autonomously assess structural
damage by capturing detailed images, facilitating quicker
decision-making. In medical robotics, small robots can be
deployed within the human body to capture high-resolution
images of organs, aiding in early detection of conditions
like tumors or infections, and enhancing minimally invasive
surgeries with real-time imaging.

To test this framework, we will utilize Boston Dynam-
ics’ Spot, a state-of-the-art robot capable of navigating com-
plex environments. This platform will serve as a testbed to
validate the algorithms and techniques developed in this re-

Copyright © 2025, Association for the Advancement of Artificial
Intelligence (www.aaai.org). All rights reserved.

29605

search, ensuring practical applicability in real-world scenar-
i0s.

Background

The development of autonomous mobile robots (AMRs) for
inspection and photography has made significant progress,
driven by advancements in robotics, computer vision, and
artificial intelligence. Recent research has focused on Next-
Best-View (NBV) planning and efficient data collection to
improve AMR performance across various applications.

A notable contribution is AutoPhoto system, which uses
reinforcement learning (RL) to autonomously navigate en-
vironments and capture aesthetically pleasing photos (AlZa-
yer, Lin, and Bala 2021). Instead of relying on traditional
heuristics, AutoPhoto employs a data-driven aesthetic esti-
mator to evaluate photo quality. This aligns with our work,
as we aim to enhance viewpoint selection by incorporating
diverse aesthetic metrics, optimizing image capture across
different environments.

The role of information-theoretic approaches in NBV
planning, where robots evaluate viewpoints based on infor-
mation gain, has been emphasized in recent studies (Gao,
Bramblett, and Bezzo 2024). A framework combining ray-
tracing and Gaussian process interpolation is used to esti-
mate viewpoint value, which informs our research by inte-
grating metrics that address perspective distortion and target
scale, filling gaps in subjective photo quality assessment.

The integration of depth sensing in AMRSs has been high-
lighted as crucial for high-quality input data, which enables
effective decision-making in NBV tasks (Chiu and Yang
2024). These insights are leveraged in our framework by us-
ing depth information to enhance viewpoint evaluations.

Al-powered cameraman robots have been developed us-
ing YOLOvV3 and Kalman filters for precise subject track-
ing, which significantly improves video production quality
(Fteiha et al. 2024). This approach informs our methodol-
ogy by offering insights into Al-driven tracking and camera
control, which we adapt for continuous subject focus in dy-
namic environments.

In summary, our research builds on RL, information-
theoretic methods, depth sensing, and Al-driven tracking to
address gaps in photo quality assessment and automate data
collection. This will enhance AMR capabilities in inspec-



tion and photography, contributing to advancements in au-
tonomous robotic systems.

Approach

Our research aims to enhance the capabilities of AMRs in in-
spections and photography through a versatile NBV frame-
work integrating advanced Al techniques. Using RL, the
system will learn optimal viewpoint selection by adapting
to environmental feedback, including obstacles and dynamic
conditions.

To test our algorithms, we will use the Boston Dynamics’
Spot simulation environment, modeling scenarios reflective
of medical applications such as internal imaging and min-
imally invasive surgeries. This simulation-based approach
ensures relevance to real-world challenges while addressing
practical constraints of field testing. The mobility and versa-
tility of Spot make it an ideal virtual platform for validating
our methods in diverse controlled scenarios.

Gaussian process regression will estimate the potential in-
formation gain from the points of view, guiding selections
that maximize the knowledge while accounting for environ-
mental variability. Ray-tracing algorithms will assess visi-
bility, minimizing obstructions, and computer vision tech-
niques will evaluate image quality metrics to filter out re-
dundant or low-value data.

The system will simulate Spot’s surveying and mapping
of the region of interest using virtual sensors. RL algo-
rithms will identify potential viewpoints, accounting for ob-
stacles and inspection targets. After identifying the NBV, the
simulation will capture virtual images and perform inspec-
tions, continuously refining its performance through feed-
back loops. This comprehensive, simulation-first approach
provides a robust framework for autonomous inspections,
advancing AMR capabilities across industries, including
medical robotics.

Evaluation

To evaluate the effectiveness of the autonomous robotic pho-
tography system, we will primarily conduct a series of sim-
ulations, complemented by limited field tests. Success will
be determined by measuring key performance indicators,
including the semantic information density of images, the
number of viewpoints required, and the time taken to com-
plete inspection tasks.

In the simulation phase, the robotic photography system
will operate within a virtual environment meticulously de-
signed to emulate real-world scenarios. This approach en-
ables us to quantitatively evaluate metrics such as image
clarity, perspective distortion, and target coverage under
controlled and repeatable conditions. Automated algorithms
will analyze these metrics to ensure objectivity, and com-
parisons with existing methods will highlight potential im-
provements in efficiency and information gain.

Field tests will only be conducted after successful simu-
lations and will serve as secondary validation in controlled
outdoor settings. This simulation-first approach ensures a
rigorous evaluation of the system’s performance, providing
key insights into its readiness for practical applications.
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Discussion

This research on autonomous robotic photography is ex-
pected to significantly enhance the efficiency and effective-
ness of autonomous inspection tasks. By optimizing view-
point selection and minimizing redundant data collection,
we anticipate improved image quality and increased infor-
mation gain compared to traditional methods.

If successful, our approach could have substantial im-
plications for the fields of robotics and automated inspec-
tion, particularly in medical applications. The ability to au-
tonomously capture high-quality images from optimal view-
points could revolutionize industries such as construction,
infrastructure monitoring, and disaster response. In the med-
ical field, a small robot capable of imaging internal struc-
tures could aid in diagnostics and therapeutic procedures,
reducing the need for invasive techniques.

Ultimately, this technology could lead to safer working
conditions, reduced environmental impact, and increased
public trust in automated systems.

Conclusion

The development of an autonomous photography system
for AMRs represents a significant advancement in robotics,
poised to enhance operational efficiency and data quality
across a wide range of applications. This research has the po-
tential to deliver impressive improvements in industries that
depend on accurate visual data, such as construction, dis-
aster recovery, and medical robotics. By enabling robots to
capture optimal images in real-time, we anticipate a marked
increase in the effectiveness of inspections, faster response
times in emergencies, and improved diagnostic capabili-
ties in healthcare settings. The broader societal implications
include safer operational practices, enhanced data-driven
decision-making, and reduced environmental impact. This
work paves the way for more autonomous, intelligent robotic
systems capable of excelling in complex, dynamic environ-
ments, setting a new standard for efficiency and reliability in
real-world applications.
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