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Robotic Surgery:
From Minimally Invasive 

to Non-Invasive
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Minimally Invasive SurgeryMinimally Invasive Surgery
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Intuitive Surgical – da VinciIntuitive Surgical – da Vinci

� Procedures  
– urologic, cardiothoracic

� Tools
– endoscopes, dissectors 
– scissors, scalpels, forceps, needle holders 
– retractors, electrocautery, ultrasonic cutters 

� Presence
– 3D visualization

� Procedures  
– urologic, cardiothoracic

� Tools
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– retractors, electrocautery, ultrasonic cutters 

� Presence
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Intuitive SurgicalIntuitive Surgical

� 2008 Revenue:  $858M
� Systems in Field:   900
� Revenue Growth: 112% last 5 years
� Growth Estimate:   38% next 5 years

� Consistently exceeds estimates

� 2008 Revenue:  $858M
� Systems in Field:   900
� Revenue Growth: 112% last 5 years
� Growth Estimate:   38% next 5 years

� Consistently exceeds estimates
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Mako SurgicalMako Surgical

� Knee Implants

� Virtual Cutting Guide using CT Scan
� Haptic Guide

� Knee Implants

� Virtual Cutting Guide using CT Scan
� Haptic Guide
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Mako SurgicalMako Surgical

� 2008 Revenue:  $2M

� Revenue Growth: 40% next 5 years

� 2008 Revenue:  $2M

� Revenue Growth: 40% next 5 years
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Non-Invasive SurgeryNon-Invasive Surgery
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Stop Internal Bleeding:
Fast, No Cuts, No Anesthesia.

Stop Internal Bleeding:
Fast, No Cuts, No Anesthesia.
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Focused Ultrasound SurgeryFocused Ultrasound Surgery

� Ultrasound focused on target tissue
– Only heats area where focused
– No damage to intervening tissue  

� Visualization and treatment
� Portable system

Customers:  
Hospitals
Military 
First Responders

� Ultrasound focused on target tissue
– Only heats area where focused
– No damage to intervening tissue  

� Visualization and treatment
� Portable system

Customers:  
Hospitals
Military 
First Responders
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Deployed HIFU TodayDeployed HIFU Today

� Four companies use focused ultrasound
– For prostate treatment
– For uterine fibroid treatment

� Limitations
– Require anesthesia to immobilize patient
– No active visual tracking to handle patient motion
– Fixed focus – cannot dynamically steer the beam

� Four companies use focused ultrasound
– For prostate treatment
– For uterine fibroid treatment

� Limitations
– Require anesthesia to immobilize patient
– No active visual tracking to handle patient motion
– Fixed focus – cannot dynamically steer the beam
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Energid HIFU AdvantagesEnergid HIFU Advantages
� Robotic Arm and Arm Control

– Unique combined force-position control
– Safe near people (patient and doctor)
– Precise position and pose control 

� for robot arm and HIFU beam
– Smooth precise motion of the HIFU transducer along the 

patient’s skin

� Vision
– Visual lock-on and tracking of tumor and bleeding sites
– Safety

� Continuous treatment even while the patient is moving 
(breathing, muscle twitches, transport in vehicle)

– Speed
� Rapid tracking and sealing of the bleeding site for trauma 

treatment
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Treatment ApplicationsTreatment Applications

� Tumor Ablation
– Cancer Treatment

� Stop Internal 
Bleeding
– Trauma Treatment

� Control Blood-
Brain Barrier
– Precise Drug 

Delivery

� Tumor Ablation
– Cancer Treatment

� Stop Internal 
Bleeding
– Trauma Treatment

� Control Blood-
Brain Barrier
– Precise Drug 

Delivery
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MarketMarket

� Trauma Treatment
– 1200 major trauma centers

� $600M

� Tumor Removal
� >$6B

� Drug Delivery
� >$2.5B

� Trauma Treatment
– 1200 major trauma centers

� $600M

� Tumor Removal
� >$6B

� Drug Delivery
� >$2.5B



www.energid.com Energid Technologies               888-547-4100

C
om

fortable S
urgery

Vehicle Accidents
� 40,000 deaths each year in US
� 6,000 lives could be saved 

IED Blast Injuries in Iraq
� Leading cause of severe injury/death
� Blunt trauma with internal bleeding

Vehicle Accidents
� 40,000 deaths each year in US
� 6,000 lives could be saved 

IED Blast Injuries in Iraq
� Leading cause of severe injury/death
� Blunt trauma with internal bleeding

Trauma TreatmentTrauma Treatment
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Trauma TreatmentTrauma Treatment
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Trauma TreatmentTrauma Treatment
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Trauma Treatment DemoTrauma Treatment Demo
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Lifetime chance of 
being diagnosed with cancer: 40%

Lifetime chance of 
being diagnosed with cancer: 40%

Tumor  AblationTumor  Ablation

HIFU Effectiveness: 
87% negative biopsy after 18 mos.

Rewcastle 2006

HIFU Effectiveness: 
87% negative biopsy after 18 mos.

Rewcastle 2006
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Blood-Brain Barrier is largely 
impermeable to drugs and diagnostic 

imaging compounds

Blood-Brain Barrier is largely 
impermeable to drugs and diagnostic 

imaging compounds

Drug DeliveryDrug Delivery

HIFU Selectively Opens Pores: 
Use 100x lower dose

HIFU Selectively Opens Pores: 
Use 100x lower dose
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Energid HIFU AdvantagesEnergid HIFU Advantages
� Robotic Arm and Arm Control

– Unique combined force-position control
– Safe near people (patient and doctor)
– Precise position and pose control 

� for robot arm and HIFU beam
– Smooth precise motion of the HIFU transducer along the 

patient’s skin

� Vision
– Visual lock-on and tracking of tumor and bleeding sites
– Safety

� Continuous treatment even while the patient is moving 
(breathing, muscle twitches, transport in vehicle)

– Speed
� Rapid tracking and sealing of the bleeding site for trauma 

treatment

� Robotic Arm and Arm Control
– Unique combined force-position control
– Safe near people (patient and doctor)
– Precise position and pose control 

� for robot arm and HIFU beam
– Smooth precise motion of the HIFU transducer along the 

patient’s skin

� Vision
– Visual lock-on and tracking of tumor and bleeding sites
– Safety

� Continuous treatment even while the patient is moving 
(breathing, muscle twitches, transport in vehicle)

– Speed
� Rapid tracking and sealing of the bleeding site for trauma 

treatment



www.energid.com Energid Technologies               888-547-4100

C
om

fortable S
urgery

Portable HIFU ArmPortable HIFU Arm

� Tele-operated� Tele-operated
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Manipulator DesignManipulator Design

� Requirements:

– Hyper-redundant
– Low mass & inertia

– Low impedance 
– Adequate bandwidth

– High force resolution
– High position 

resolution 

� Requirements:

– Hyper-redundant
– Low mass & inertia

– Low impedance 
– Adequate bandwidth

– High force resolution
– High position 

resolution 
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Manipulator ControlManipulator Control

� Kinematics based 
position control:
– Standard manipulator 

dynamics
– Force control, exploit 

tunable SEA
– Position control, 

maximize SEA stiffness 
– Hybrid, with energy 

coupling end-effector:
� Control force of physical 

contact

� Control position of energy 
focus
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Manipulator ControlManipulator Control

� Hybrid control:
– Contact force 

control: manipulator 
dynamics

– Focal point position 
control: transducer 
dynamics

� Hybrid control:
– Contact force 

control: manipulator 
dynamics

– Focal point position 
control: transducer 
dynamics
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Manipulator DesignManipulator Design
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Communication 
Link

Master 
Control

Slave 
Control

Master 
GUI

Slave 
GUI

HIFU 
Device

Safety 
Monitor

Sensing

Visual Display

Master Robot

Tele-presence 
Media

Slave Robot

Robotic HIFU 
System

Video & Audio

Telesurgery CodecTelesurgery Codec

� Tele-operation System architecture: � Tele-operation System architecture: 
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