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Introduction

ÁάIndicating shortcomings in surgical lighting systemsέ, Knulstet al., 2011

ÁManual adjustments on average every 7 minutes

ÁUp to 30 seconds

ÁManual adjustments are

ÁPhysically straining

ÁTime consuming

ÁInterrupting the workflow

ÁContributing to high cognitive load

ÁLeads to working under sub-optimal lighting conditions
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Previous Work

Patents:

ÁάDŜƴŜǊŀƭ ǇǳǊǇƻǎŜ ŘƛǎǘǊƛōǳǘŜŘ ƻǇŜǊŀǘƛƴƎ ǊƻƻƳ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳέ, Wang et al., 2003

Áά!ǳǘƻƳŀǘŜŘ ǎǳǊƎƛŎŀƭ ƛƭƭǳƳƛƴŀǘƛƻƴ ǎȅǎǘŜƳέ, G. M. Kim and T. L. Chen, 2012

Papers:

ÁάhǇǘƛƳŀƭ /-ŀǊƳ tƻǎƛǘƛƻƴƛƴƎ ŦƻǊ !ƻǊǘƛŎ LƴǘŜǊǾŜƴǘƛƻƴǎέ,  Virga et al., 2015
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Our Goal: truly autonomous surgical lamps

ÁMulti-objective optimization (MOO) problem

ÁMaximize uniform lighting

ÁMinimize occlusion

ÁMinimize movement

Ҧ Conflicting optimization goal

ÁMOO usually needs validation of results

ÁCanΨt ask surgeons about their preferences during intervention

ÁScalarized MOO (weighted sum)

ÁBut we can ask at the start

Ҧ meta-optimization
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Contributions

1. New optimization scheme at runtime

ÁLeads to longer stretches of no movement

2. Meta-optimization to optimize weights

ÁYields Pareto-front of optimal solutions

3. Easy-to-understand metrics

ÁEasy to pick use-case-dependent set of weights
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Autonomous Surgical Lamps ɐSetup

Point Cloud

Depth Camera
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Autonomous Surgical Lamps ɐSetup

Virtual projector

Occlusion Map
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Autonomous Surgical Lamps ɐPipeline
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Autonomous Surgical Lamps

ÁFind positions with high likelihood of staying occlusion-free

ÁGoal: capture temporal coherence in one map

X
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Sliding window
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Weights

Workspace maps

Lamp positions

Our Objective Function for Runtime Optimization

Objective
function

Cost
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Our Old Optimization Method

ÁEvery frame: (if necessary) steepest descend

ÁFrom current lamp positions

ÁOn fitness values

ÁTowards local optimum

ÁIf current optimum is below threshold:

ÁStart a random sampling of the entire search space
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