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ABSTRACT In recent years/ bron¢hoscopic robot technology has emerged as a groundbreaking advancement in medical
technology, particularly in the.diagnosis and treatment of lung diseases. Traditional bronchoscopy, though effective, presents
significant challenges in achi€vingithe level of precision required for accurately detecting and treating lung tissue and lesions.
While navigation®guided bronchoscopy has made notable strides in addressing some of these limitations, further
improvements/wéreinecessary to enhance precision, accessibility, and overall effectiveness. Bronchoscopic robot technology
bridges this gap’by integrating robotics and advanced imaging sensors to elevate diagnostic and therapeutic capabilities. The
core of bronchoscopic robot technology lies in its ability to combine the dexterity of robotic arms with the clarity provided by
state-of-the-art imaging systems. This synergy allows for highly precise detection and treatment of lung tissue and lesions.
The inherent flexibility of robotic arms enables doctors to navigate complex bronchial networks with ease, facilitating
accurate localization of lesions, performing delicate biopsies, and conducting minimally invasive surgical procedures. These
capabilities represent a significant leap forward in the treatment of lung diseases, providing clinicians with tools that surpass
the limitations of conventional bronchoscopy in both precision and control. This paper provides a comprehensive overview of
the current development status and the key technologies underpinning bronchoscopic robot technology. It begins by

analyzing the application status of this technology in clinical diagnosis and treatment. The review examines how
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bronchoscopic robots are currently being utilized in medical settings and their impact on enhancing procedural accuracy and
efficiency. By highlighting real-world applications, the paper emphasizes the transformative role that this technology is
playing in improving outcomes for patients with lung diseases. The second focus of the paper delves into the technical
principles that form the foundation of bronchoscopic robot technology. This section explores critical aspects such as
mechanism design, navigation methods, and control systems. A detailed understanding of these technical components not
only provides insights into how the technology operates but also identifies potential areas for future refinement. For instance,
advanced navigation techniques enable accurate tracking of instruments within the lung's intricate structure, while innovative
control systems ensure smooth, precise operation of robotic components. Furthermore, the paper discusses the current
industrialization status of bronchoscopic robots, evaluating the progress made in translating laboratory innovations into
practical, clinical tools. This includes an assessment of the technology's readiness for widespread adoption, challenges in
scaling production, and efforts to integrate it into routine medical practices. Understanding the industrial landscape is
essential for gauging the technology's potential for widespread clinical use and its long-term impact en\healthcare. Finally,
the paper looks toward the future by exploring research directions and emerging development trénds. ©ne major trend is the
integration of lesion navigation, biopsy, real-time confirmation, and immediate treatment\into\ a“unified bronchoscopic
diagnosis and treatment platform. Additionally, combining artificial intelligence with robotiC systems is anticipated to
significantly enhance the intelligence of bronchoscopic robots. Al-driven algorithms ceuld provide advanced decision-
making support, improving diagnostic accuracy and enabling personalized treatment(strategies. These advancements have the
potential to revolutionize the field by making procedures less invasive and mote effective. By summarizing the current
development status and key technologies of bronchoscopic robot technelogy, this paper highlights its immense potential to
transform the diagnosis and treatment of lung diseases. The integration\@f fobotics, imaging, and artificial intelligence is
paving the way for more accurate, efficient, and patient-friendly, médical procedures. As the technology continues to evolve,
it promises to deliver improved patient outcomes, reduce procedural\tisks, and redefine the standards of care in pulmonary

medicine.
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Fig.3 Motor-driven traditional bronchoscopic robot: (a) Bronchoscopy robot platform constructed by Gu et al.3¢l;
(b) Bronchoscopy robot platform constructed by Zou et al.?7]; (¢) Bronchoscopy robot platform constructed by

Hoelscher et al.[38]
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Fig.5 Magnetically driven continuum bronchoscopic robot: (a) Pittiglio et al. optimizes the catheters'
magnetization profilés‘and thesshape-forming actuating field©8l; (b) Helical fiber reinforcement continuum robot
proposed by Gafford €tal'k®l; (c) Submillimeter-scale, self-lubricating soft continuum robot proposed by Kim et
al.l’l;(d) Oppositesmagnetized magnetic continuum robot proposed by Lin et al.’7]; () Soft hybrid actuated

hierarchical bronchoscope robot proposed by Lu et al.[>]
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Fig.6 Path planning methods: (a) The combination strategy of backward path planning and forward navigation proposed by
Kuan et al.[’%; (b) Path planning method based on bronchoscope geometry and kinematic constraints proposed by Rosell et
al.l%%]; (¢) Three-Stage backward planning approach proposed by Hoelscher et al.38]
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Fig.7 Navigation method based on image guidance: (a) Bifurcation structure recognition method proposed by
Shen et al.l’#]; (b) Visual similarity and pose estimation network proposed by Gu et al.[*¢l; (¢) Navigation scheme
with spatial geometry awareness proposed by Liu et al.[”%}; (d) Learning-based global localization method
proposed by Zhao et all®l; (e) Context-aware depth and pose estimation method proposed by Shen et al.I%; (f)

Visual odometer dataset and full convolutional network structure proposed by Marco et al.[%3]
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Fig.8 Navigation method based on sensor 'guidance:4{a) The optical tracker compensation electromagnetic

tracking system proposed by Mori et all?6l; (b)) tip.Jocalization using fiber optic shape sensing proposed by

Brekken et al. °); (c) AR navigation method of optical fiber electromagnetic fusion proposed by Chen et al.[1%0]
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Fig.9 Bronchoscopic surgical robot control system:/(a)Automatic orientation and insertion robotic system
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needle steering system,proposed by Kuntz et al. [144]
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Fig.10 Current situation of bronchoscope robot industrialization
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