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German Aerospace Center (DLR)
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In numbers
• ~10 000 employees
• 55 institutes and facilities
• 30 locations in Germany 



Institut of Robotics and Mechatronics
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MiroSurge for Minimally Invasive Surgery
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Outline - Autonomy in Surgical Robotics 
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Opportunities

• Standardized patient outcome

• Support of novice surgeons

• Simplify surgical workflow
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Level of Autonomy in Robotic Surgery
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Adapted from: Haiddeger et al.(2019): Autonomy for Surgical Robots: Concepts and Paradigms, IEEE Transactions on Medical Robotics and Bionics, 1(2), 65-76. 



No autonomy– commercial systems
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[3] [4]

DaVinci (Intuitive Surgical) HugoRAS (Medtronic)



No autonomy– research systems
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MiroSurge (DLR)
[5]

DaVinci Research Kit 



Level of Autonomy in Robotic Surgery
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Adapted from: Haiddeger et al.(2019): Autonomy for Surgical Robots: Concepts and Paradigms, IEEE Transactions on Medical Robotics and Bionics, 1(2), 65-76. 



Robot assistance– commercial systems
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[6]Mako (Stryker)



Robot assistance – research systems
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[6]
Hagmann,K., Hellings-Kuß, A., Klodmann, J., Richter, R., Stulp, F., Leidner, D. (2021). A Digital Twin Approach for Contextual Assistance for Surgeons During Surgical Robotics Training, Frontiers in 

Robotics and AI 8, 305.

Dexterity

Information

MiroSurge (DLR)



Level of Autonomy in Robotic Surgery
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Adapted from: Haiddeger et al.(2019): Autonomy for Surgical Robots: Concepts and Paradigms, IEEE Transactions on Medical Robotics and Bionics, 1(2), 65-76. 



Task-level autonomy – commercial systems
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[7]AutoLap (MST)



Task-level autonomy – research systems
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Shademan, A.., Decker, R, Opfermann, J., Leonard, S., Krieger, A., Kim, P. (2016). Supervised autonomous robotic soft tissue surgery, Science Translational Medicine 8, 337.

STAR



Level of Autonomy in Robotic Surgery
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Adapted from: Haiddeger et al.(2019): Autonomy for Surgical Robots: Concepts and Paradigms, IEEE Transactions on Medical Robotics and Bionics, 1(2), 65-76. 



Supervised autonomy – commercial systems
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[8]

TSolution One (THINK Surgical)



Supervised autonomy – research systems
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[6]

Pedram, S., Shin, C.,Ferguson, P., Ma, J., Dutson, P., Rosen, J. (2016). Autonomous Suturing Framework and Quantification Using a Cable-Driven Surgical Robot, IEEE Transactions on Robotics 37, 2.



Level of Autonomy in Robotic Surgery
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Adapted from: Haiddeger et al.(2019): Autonomy for Surgical Robots: Concepts and Paradigms, IEEE Transactions on Medical Robotics and Bionics, 1(2), 65-76. 



High-level autonomy – commercial systems
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[9]CyberKnife (Accuray)



High-level autonomy – research systems
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H. Saeidi, J. D. Opfermann, M. Kam, S. Wei, S. Leonard, M. H. Hsieh,U. Kang, A. Krieger (2022). Autonomous robotic laparoscopic surgery for intestinal anastomosis, Science Robotics 7

STAR



Level of Autonomy in Robotic Surgery
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Adapted from: Haiddeger et al.(2019): Autonomy for Surgical Robots: Concepts and Paradigms, IEEE Transactions on Medical Robotics and Bionics, 1(2), 65-76. 



Challenges
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Gesture Classification 
van Amsterdam, B., Nakawala, H., De Momi, E., Stoyanov, D. (2019) 

Weakly Supervised Recognition of Surgical Gestures,ICRA. 

Konietschke, R. (2007) Planning of Workplaces 

with Multiple Kinematically Redundant Robots 

Setup Planning

Soft Tissue Interaction
H. Saeidi, J. D. Opfermann, M. Kam, S. Wei, S. Leonard, M. H. 

Hsieh,U. Kang, A. Krieger (2022). Autonomous robotic laparoscopic

surgery for intestinal anastomosis, Science Robotics 7



Conclusion
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