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ABSTRACT 

 

Surgical robotics represents new potentials in telemedicine. Robotic technology provides advanced 

solutions for challenges in human space exploration. The aim of this paper is to introduce the existing 

surgical robots, to identify the usage and potential risks of telemedicine and to present the concept of a 

robotic support system capable of accompanying the first astronauts on their historical journey to Mars. 

By integrating cutting-edge hardware and software technology, semi-autonomous robots could ensure the 

medical support of a 3-year-long mission through teleoperation and telementoring. Besides the several 

advantages, there are some serious drawbacks of the telemedicine concept that should be dealt with. Most 

important is the latency occurred from the transmission through long distances. Different methods are 

examined to overcome the difficulties in surgery robot control caused by the communication lag time. 
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Introduction    

 
In the case of long duration space missions 

beyond Earth orbit–such as the scheduled Mars 

mission or the permanent Moon base–there is an 

increased health hazard. Throughout the 

missions on board of Skylab, the Russian MIR 

or the International Space Station (ISS), 

numerous health risks have been identified 

involving the bone system, the gall bladder, the 

pancreas, the appendix, the urinal system, or the 

blood circulation. No matter how thoroughly the 

astronauts are monitored beforehand, the chance 

of sudden illness or injury cannot be excluded. 

Patients have to be treated (including surgical 

procedures) not to endanger the success of the 

entire mission.  

The Institute of Medicine stated the 

following basic findings in a report [1] created 

for the National Aeronautics and Space 

Administration (NASA): (1) Not enough is yet 

known about the risks to humans of long-

duration missions, or about what can effectively 

mitigate those risks to enable humans to travel 

and work safely in the environment of deep 

space. (2) Everything reasonable should be done 

to gain the necessary information before humans 

are sent on missions of space exploration.  

The primary safety criteria for any mission 

designed is to pose no risk for the public on 

Earth and to return all crew members safe 

without any serious injuries or illnesses. In order 
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to fulfill these criteria, space medicine embraces 

all the different aspects of health care in 

connection with space exploration. It contains 

both basic crew selection tests and advanced on-

flight surgical support. Based on the recorded 

medical events at NASA,-collected from 89 

Space Shuttle mission from 1981 to 1998-there 

have been several dozens of medical events and 

complaints affecting basically all of the organs 

that may have led to serious consequences [2]. 

Once in 1982, an astronaut almost had to be 

evacuated on a Space Shuttle with the symptoms 

of kidney stones. Based on the collected 

information, NASA estimates that the 

probability of serious illness or injury during a 

2.5-year-long Mars mission with six crew 

members is about 0.9. NASA Johnson Space 

Center Space Medicine Division has published a 

technical report recently [3] that has tried to 

answer both technical and ethical questions in 

connection with long duration space missions, 

being first to deal with the possibility of 

casualties. The report proposes a 0-5 grade 

Health Care Standard, aiming to provide the 

most adequate support for different missions. 

Any deep space mission longer than 210 days 

should be provided the highest possible 

treatment (Level of Care Five). In the case of 

these missions, the primary goal is to reduce the 

health risk to an acceptable level, and to provide 

medical equipment for the crew for self support. 

The European Space Agency’s (ESA) standards 

recommend that the probability of death during a 

mission for any cause should be kept under 

0.03/year [4].  

Medical equipment has to be carried along 

for monitoring, certification, health 

maintenance, medical intervention and 

psychosocial support. Before each mission, the 

demands are collected in a Medical Operation 

Requirements Document.  Solely the medical 

equipment for a Mars mission is estimated to 

weight 500 kg, filling up 4 m
3
, as all acute 

illnesses and injuries have to be dealt with on 

board of the spacecraft. There are several 

possible illnesses, such as appendicitis, serious 

arrhythmia, neoplasms or renal calculus that 

requires instant surgical intervention. Turning 

down the mission and returning to Earth is not a 

real option, as it might take months to return the 

ill or injured crew member. Therefore every 

possible preventive measure should be done to 

avoid and handle these undesired situations. 

Teleoperated surgical robotic systems combined 

with telementoring techniques are to offer a new 

solution to improve the performance of a 

surgeon on board of a spacecraft, and even to 

replace the human in some cases. 

All professionals agree that advanced and 

integrated medical systems have to be developed 

for the complete monitoring of the crew 

throughout the mission, to allow rapid 

comparison of present and past records for quick 

diagnosis, to provide telesurgery, telementoring 

and telemedicine aide in case of emergency. 

Technologies such as surgeon-guided automatic 

robotic functions could improve the care of 

astronauts on future missions to the Moon and 

the Mars. 

 

Present surgical robotic systems 

 

Surgical robotics and complete teleoperated 

surgical systems represent an emerging field of 

medical robotics. Several different special-

purpose robots have already been developed, 

primarily for on Earth applications. According to 

MeRoDa database [5], there are more than 200 

ongoing researches world wide. The most well 

known commercialized systems are the Zeus 

from Computer Motion Inc. and the da Vinci 

from Intuitive Surgical Inc. These robots are 

capable of performing complex surgical 

procedures with laparoscopic technique, guided 

remotely by a skilled surgeon. They consist of 

three parts: one or more slave manipulators, a 

master controller and a vision system providing 

visual feedback to the controller person. Based 

on the gathered visual information, the operator 

manipulates the slave arm by moving the master 

controller (sometimes a small arm itself), and 

closely watching its effect. The control signals 

go through an integrated controller, optional 

tremor filtering and adjustable scaling. The 

master console can be located thousands of 

miles away as experiments have already proved. 

Occasionally, force-sensors are built in to 

provide the surgeon with the feeling of touch 

(tactile and haptic feedback), as information 

about the interaction between the tissue and the 

robot’s tip. Since their first successful trials, 
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NASA has been interested in the technology to 

install it in space to improve on orbit health care.  

 
Figure 1. The Zeus teleoperated robotic 

system performing trans-Atlantic surgery in 

2001 (Photo: IRCAD - EITS)  

 

The Zeus surgical system, developed by 

Computer Motion Inc. in 1991 was a real 

breakthrough (Figure 1.). This robot made 

Minimal Invasive Surgery reality, as the two 

effector manipulator and the AESOP based 

camera holder arm could be controlled in 

master-slave setup. The movements of the 

doctor’s hands and fingers are tracked with the 

help of special sensors. The two 6 degrees of 

freedom (DOF) slave manipulators perform 

exactly the same motion that the doctor’s hand. 

The result can be followed via visual system, 

which consists of a CCD camera mounted on the 

third arm and a TV screen in front of the 

operator.  

The first trans-Atlantic surgical procedure-

the Lindbergh operation-was performed with a 

Zeus in 2001 [6]. The surgeons were controlling 

the robot from New York, while the patient laid 

7000 km away, in Strasbourg, France. Based on 

previous research, it was estimated that the time 

delay between the master consol and the linked 

robot mirroring should be less than 330 ms to 

perform the operation safely, while above 700 

ms, the operator may have real difficulties with 

controlling Zeus. A dedicated trans-Atlantic 

10 Mbps fiber optic link was used, transmitting 

not just the control signals and video feedback, 

but also servicing the video conferencing 

facilities, and an average of 150 ms 

communication lag time was experienced.  

Soon after Zeus–in 1992–Intuitive 

Surgical’s da Vinci surgical robot debuted 

(Figure 2.). Da Vinci overtook Zeus both in 

features and ergonomic options. The new 3D 

vision system’s camera became fully controlled 

by the surgeon, with the help of simple voice 

commands. Da Vinci also consists of two 6DOF 

slave manipulators, but later, an additional 7
th
 

decoupled joint–EndoWrist–has been added in 

order to enhance the robot’s dexterity. The CCD 

camera—equipped with dual endoscope to 

enable stereo vision—is mounted on a separate 

4DOF manipulator. The built-in tremor filtering 

system is able to smooth the signals in real time, 

and scaling can be adjusted up to 1/5
th
 of the real 

size. Da Vinci was the first teleoperated medical 

robot to receive the U.S. Food and Drug 

Administration’s (FDA) approval in 2001 for 

Laparoscopic Radical Prostatectomy, and since 

then it has been verified for 6 other procedures 

as well. In the past 6 years, approximately 

60 000 operations have been performed with 

more than 1500 da Vincis only in the U.S. The 

second generation of the robot–da Vinci S– was 

completed by 2003 with HD cameras, 

augmented ergonomic features and a fourth 

robotic arm for servicing tasks. It has reached 

the market recently, after having performed 

several hundred test operations.   

 
Figure 2. The da Vinci teleoperated 

surgical robot (Photo: Intuitive Surgical Inc.) 

 

Both the Zeus and the da Vinci have been 

tested for long distance teleoperation tasks, 

however, because of their huge size, weight and 

large operating space requirement, they are not 

considered as a real solution for in-space 

surgery.  
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NASA become interested in surgical 

robotics at the beginning of the ‘90s, and by 

1997 the Jet Propulsion Laboratory and the 

MicroDexterity Systems Inc. developed their 

new robot, the RAMS (Robot-Assisted Micro-

Surgery) [7]. The RAMS consists of two 6DOF 

arms, equipped with 6DOF tip-force sensors, 

providing haptic feedback to the operator 

(Figure 3.). The robot was originally aimed for 

ophthalmic procedures, especially for laser 

retina surgery. It is capable of 1:100 scale down 

(achieving 10 micron accuracy), tremor filtering 

(8-14 Hz) and eye tracking. Although it was not 

intended for market sale, the advantages of the 

robot made it popular among surgeons 

performing eye, brain and ear operations.  

 
Figure 3.  The RAMS microsurgical arms 

at JPL (Photo: NASA) 

 

Other, more compact surgical robots have 

also been developed. Doctors and scientists at 

the BioRobotics Lab., University of Washington 

have developed a portable surgical robot that can 

be a compromised solution to install on 

spacecrafts with its 22 kg overall mass [8]. The 

robot–called Raven–has two articulated arms, 

each holding a stainless steel shaft for different 

surgical tools. It can easily be assembled even 

by non-engineers, and its communication links 

have been designed for long distance remote-

control. Besides the possibility of haptic 

feedback, additional sensors are mounted on the 

robot, to provide more information to the 

surgeon and to avoid any critical failure due to 

communication delay. Throughout the entire 

development, compactness was handled as 

priority, the creators optimized the robot’s 

dimensions and motion by computer, 

minimizing the space it occupies without 

compromising on manipulation capabilities. 

Realizing the importance of a light, but stiff 

structure, SRI International in Menlo Park, 

California started to develop the M7 in 1998, 

another portable and deployable light-weight 

surgical robot (Figure 4.). The system weights 

only 15 kg, but able to exert significant forces 

compared to its size. The system consists of two 

7DOF arms, and is equipped with motion 

scaling (1:10), tremor filtering and haptic 

feedback. The effectors used by the robot can be 

changed very rapidly, and even laser tissue 

welding tool can be fixed on it. The controller 

has been designed to operate under extremely 

different atmospheric conditions, and for this 

purpose the robot only contains solid-state 

memory drives. The software of the M7 has 

been updated lately to better suit the 

requirements of teleoperation and 

communication via Ethernet cable. 

 
Figure 4.  The M7 light weight surgical 

robot for military and space applications 

(Photo: SRI International) 

 

Engineers at the University of Nebraska 

together with the physicians of the local Medical 

Center had detached from the classic 

manipulator design, and developed a special 

mobile in-vivo wheeled robot for biopsy [9]. 

Equipped with a camera, the coin-sized robot 

can enter the abdominal cavity through one 

small incision and move teleoperated around the 

organs. The robot is able to traverse the 

abdominal organs without causing any damage, 

therefore reduces the patient trauma. The lead-

screw linkage system actuating the graspers 
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enables relatively large force production. The 

compact size of the robot will allow physician to 

use several machines at the same time, to 

perform a complete surgical procedure. This 

alternative micro-robot approach raised the 

interest of NASA; however, further extensions 

have to be developed for general surgery, before 

it can be deployed.  

Present researches focus on finding 

alternative ways to use the surgical robots on 

board of a space craft. Even though a light-

weight manipulator can be under 20 kg of total 

mass, every gram counts in the case of long 

duration missions, not to mention the significant 

amount of space used by the inactive robot. It is 

necessary to make the surgical equipment more 

serviceable, being capable of performing 

repetitive tasks that take a long time in the daily 

routine of the astronauts (e.g. verification of 

physical systems). Adequately designed robots 

could help humans in physical exercising, based 

on the concept of rehabilitation robots and 

exoskeletons recently developed.  Another 

important issue is the use of robots for micro-

manipulation experiments. Several researches 

could be down with the robotic enhancement of 

human capabilities.    
 

Identifying the difficulties  

 
The primary difficulty with teleoperation 

beyond Earth orbit is communication lag time or 

latency. Radio and microwave frequency signals 

propagate at almost the speed of light in space, 

however already in the range of long distance 

manned missions, several minutes of latency can 

be experienced. Planet Mars orbit 

56 000 000 km to 399 000 000 km from Earth 

which means a 6.5 to 44 minutes of delay in 

transmission. In addition, for about two weeks 

every synodic period, when the Sun is in 

between Earth and Mars, direct communication 

can be blocked. In addition, the compression and 

decompression of the video stream takes app. 

1-200 ms. NASA has conducted several 

experiments to examine the effect of latency on 

the performance in the case of telesurgery and 

telementoring. The NASA Extreme 

Environment Mission Operations (NEEMO) 

take place on the world’s only permanent 

undersea laboratory, Aquarius (Figure 5.). It 

operates a few kilometers away of Key Largo in 

the Florida Keys National Marine Sanctuary, 19 

meters below the sea surface. A special buoy 

provides connections for electricity, life support 

and communication lines, and a shore-based 

control center supports the habitat and the crew. 

Aquarius hosts high-tech lab equipment and 

computers, enabling astronauts, engineers and 

marine biologists to perform research, sea 

exploration and simulated space missions. 12 

NEEMO projects have been organized since 

2001, and there have been three projects 

focusing on teleoperation recently.  

 
Figure 5.  Aquarius, the only permanent 

undersea laboratory in Florida (Photo: NASA) 

 

The 7
th
 NEEMO project took place in 

October 2004. The mission objectives included a 

series of simulated medical procedures with 

Zeus, using teleoperation and telementoring 

[10]. The four crew members (one with surgical 

experience, one physician without significant 

experience and two aquanauts without any 

medical background) had to perform five test 

conditions: ultrasonic examination of abdominal 

organs and structures, ultrasonic-guided abscess 

drainage, repair of vascular injury, cytoscopy, 

renal stone removal and laparoscopic 

cholecytectomy. The Zeus robot was controlled 

from the Centre for Minimal Access Surgery, 

Ontario, 2500 km away. The signal delay was 

tuned between 100 ms and 2 s to observe the 

effect of latency. The results showed that the 



 6 

non-trained crew members were also able to 

perform satisfyingly by exactly following the 

guidance of the skilled telementor [10]. They 

even outperformed the non-surgeon physician, 

but fell behind the trained surgeon. Scientists 

also compared the effectiveness of the 

telementoring and the teleoperated robotic 

procedures, and even though the teleoperation 

got slightly higher grades, it also took a lot more 

time to complete.  

During the 9
th
 NEEMO in April 2006, the 

crew had to assemble and install an M7 mobile 

surgical robot, and perform real-time abdominal 

surgery on a patient simulator. Throughout the 

procedure, the time delay went up to 3 s using a 

microwave satellite connection to mimic the 

Moon-Earth communication links. The M7 robot 

was also used to arrange and manipulate rock 

samples form the ocean’s ground. In another 

experiment, pre-established two-way telecom 

links were used for telementoring. The crew had 

to prove the effectiveness of telemedicine 

through the assessment and diagnosis of 

extremity injuries and surgical management of 

fractures. The effects of fatigue and different 

stressors on the human crew’s performance in 

extreme environments were also measured. Each 

of the 4 astronauts taking part in the experiment 

had to train at least 2 hours with the small 

wheeled MIS robots designed at the University 

of Nebraska. 

The 12
th
 NEEMO project ran in May 2007, 

and one of its primary goals was to measure the 

feasibility of telesurgery with the Raven and the 

M7 surgical robots. NASA sent a flight surgeon, 

two astronauts and a physician into the ocean. 

Suing operations were performed on a simulated 

patient in zero gravity environment to measure 

the capabilities of surgeons controlling the 

robots from Seattle. A group of three 

professionals guided the robot, using a 

commercial Internet connection, and 

transmitting the signals on a wireless connection 

to the buoy of the sea habitat. The 

communication lag time was increased till up to 

1 s. The robots had to perform several simple 

tasks, such as suturing and Fundamentals of 

Laproscopic Surgery. The first demonstration of 

an image-guided remote surgery was presented 

with the M7 robot (using a portable ultra sound 

system), and live broadcasted on the American 

Telemedicine Conference in Nashville, 

Tennessee. The M7 was able to insert the needle 

into a simulated vessel by itself. 

Important lessons have been learned 

throughout the NEEMO missions. Medical 

Operation Requirements Documents of 

upcoming space missions are composed using 

the experience gained through these projects.  

 

Approaching from the control theory side, 

several strategies have been developed to 

overcome the difficulties in control on the 

master side. A remarkable solution is proposed 

by Nohmi [11], to realize communication delays 

as force reflection for the human operator. It 

feels as if the remote manipulator was controlled 

through a virtually coupled spring, applying 

adequate forces. This method can be well used 

to provide information on the remote 

manipulator’s movement while there is no real 

feedback due to the latency, however it is not 

precise enough (and may alter the surgeons 

decisions by occasionally providing unreal 

forces) to approve it for surgical applications. 

Further difficulties may arise with the data 

protocol of the robots that links the master 

consol and the slave arms. Presently, the 

majority of the surgical systems communicate 

through Transmission Control Protocol (TCP) 

that is used along with the Internet Protocol (IP) 

to send data in the form of individual units–

packets. The other common type is User 

Datagram Protocol (UDP), a connectionless 

protocol that–like the TCP–runs on top of IP 

networks. UDP/IP provides very few error 

recovery services, offering instead a direct way 

to send and receive datagrams. Other frequently 

used is the Asynchronous Transfer Mode 

(ATM/AAL1). Both lacks advanced security 

services. In the case of communication 

breakdown, the recovery time may be critical, 

therefore redesigned gateway architecture 

should be added to allow TCP transfers to 

survive a long duration blockage, as proposed in 

[12]. In regular Internet communication, 

package loss does not cause significant 

problems, however, the robot control signals 

have to be delivered, and both sides should 

always be aware of the actual state of the 

communication link. The Zeus and the da Vinci 

were created to discard each packet that has any 
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sort of internal error. They do not correct bit-

level errors. If several packets are lost, or there 

is a breakdown, the robot should suspend its 

operation. To meet the special communication 

requirements in space, the Space 

Communications Protocol Standards (SCPS) 

was developed and tested by the U.S. 

Department of Defense and NASA in the 1990s 

[13]. SCPS uses similar architecture to TCP/IP, 

but it is more effective in handling latency 

created by long distance transmissions and the 

noise associated with wireless links. The SCPS 

exists as a complete ISO standard, and even fits 

the U.S. Military Standards. The surgical robots 

sent to space missions should be built on SCPS. 

To avoid possible hardware and software 

failures of the radio equipment, redundant 

systems are used, according to space standards.   

To ensure high quality visual and tactile 

feedback, high sampling rate must be used (app. 

1 ms). Along with the high definition video 

feedback this has a significant bandwidth 

demand. Under regular circumstances a 10 Mbps 

connection is already suitable for teleoperation, 

however in the case of high definition, 

multimodal equipment a 40 Mbps two-channel 

link would be required. This may not cause any 

problem on the ISS that has been equipped with 

a 150 Mbps connection in 2005, but in the case 

of a Mars mission, NASA only plans to develop 

a 5 Mbps connection by 2010 as a part of the 

new space communication architecture [14], and 

upgrade it to 20 Mbps by 2020.  

Microgravity may well alter the way organs 

and blood vessels are acting during surgery. The 

ESA performed a microgravity surgery once in 

autumn 2006 on a parabolic flight on board of an 

Airbus A300 Zero-G. NASA is also planning to 

fly an M7 surgical robot on a DC-9 hyperbolic 

aircraft. There has not been significant amount 

of data collected to deeply investigate the most 

influent effects of weightlessness on surgery. 

Doctors will have to cope with the different 

ways organs and body-fluids are moving in 

microgravity. As the blood free-flies in space, 

special surgical techniques have to be developed 

to decrease and regulate bleeding. That is a 

telling argument to promote MIS techniques for 

in-space surgery. 

 

Surgical support for long duration 

missions 
 

To meet the human safety requirements on 

long duration space missions, different levels of 

advanced health care support should be 

combined. First and foremost, there has to be a 

complete health monitoring system. In 

upcoming mission plans there are already 

miniaturized biosensors integrated into multi-

sensor arrays, with online communication to a 

central medical databank, to measure everything 

from biotoxins to neural activity. There should 

also be a clinical information system combined 

with a strategic health care research planner for 

data analysis and support. A complete 

knowledge base is required on the risks and 

hazards threatening the crew, along with the 

possible treatments and solutions. Astronauts are 

to be trained to operate and extensively use the 

monitoring system. At the terrestrial control 

center medical experts may be informed in 

advance on any developing illness.  

As long as a new level of machine 

automation is not reached, it seems inevitable to 

have a flight surgeon on board of the spacecraft, 

to adapt to any unforeseeable events. Flight 

surgeons should receive special training for a 

better command of the computer integrated 

surgical technology provided on board. The rest 

of the crew should also undergo a 

comprehensive medical training program to 

attain the skills required to monitor any surgical 

procedure, and to interact in the case of 

immediate danger. It is also important to 

practice the skills with the surgery robot 

throughout the mission, even if no accident 

occurs. 

 

Based on the physical conditions, the 

difficulties and the system requirements, three-

layered mission architecture is proposed to 

achieve the highest degree of performance 

possible, by combining robotic and human 

surgery (Figure 6.). Security and reliability is 

just as important as performance, therefore the 

previously discussed considerations and 

standards should always be kept in priority. 

Depending on the physical distance between the 

space ship and the ground control centre, 

different telepresence technologies  may  end  up  



 

 
Figure 6.  Concept of complete surgical support for long duration space missions 

 

with the best result. Basically, with the accession 

of the latency, real-time control strategies and 

communication techniques’ effectiveness 

decreases significantly [15]. By adaptively 

switching, different levels of surgical service can 

be provided throughout the mission.  

Mainly within the range of 380 000 km 

(app. the Earth-Moon average distance), regular 

telesurgery techniques can be used in space to 

provide medical support in the case of 

emergency. Leaving the orbit, special control 

strategies have to be applied, to extend the 

feasibility of telesurgery up to 2 s of delay. With 

robot assisted surgery, a shared control approach 

should be followed, integrating high-fidelity 

automated functions into the robot, to extend the 

capabilities of the human surgeon. For example, 

to automatically follow the movements of the 

organs (the beating heart and breathing lung), 

the robots should be equipped with adequate 

visual and force sensors, and the precise control 

algorithms have to be built in on the slave side. 

Successful methods have been developed 

recently to provide automatic movement 

compensation [16], [17]. This concept could be 

most beneficial for long duration on-orbit 

missions, primarily on board of the ISS. 

Presently, there is no other option than the 

immediate evacuation of the affected astronaut, 

which poses bigger health risk and huge costs. If 

losing the signal, the integrated robotic system 

should stop immediately, and if the connection 

cannot be reestablished, the crew has to be 

prepared to take over the control of the robot, in 

order to finish the procedure. To reduce the 

frequency of failure, network redundancy is 

essential as showed by the NEEMO projects.  

Flying further from the Earth and having 

reached the limits of pseudo real-time 

communication, the procedures should be 

performed by the flight surgeon, or by any other 

trained astronaut, under the telementoring 

guidance of the master surgeons on the ground. 

Telementoring requires exchange of still images, 

motion video, digital image editing, voice 

conferencing, electronic chat and data file 

transfer. As showed by the NASA undersea 

experiments [10], telementoring can be an 

effective alternative to direct teleoperation, 

allowing the controller to perform the tasks 

based on the visual and voice commands of the 

ground centre. With adequate training and 
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practice, the astronauts with a basic surgical 

training should be able to successfully 

accomplish complete procedures. As tested on 

USS Abraham Lincoln carrier in 1998, 

9.6-28.8 kbps connection can already be enough 

to transfer images at 2-4 fps speed [18]. 

Telementoring may extend the boundaries of 

telepresence, as it can still be effective with a 

50-70 s delay (within the range of app. 

10 000 000 km). Upon this phase, the built-in 

semi-automatic functions of the surgical robot 

may have a significant role to improve the 

overall quality of the surgery. Motion scaling, 

adaptive tremor filtering, the automated 

following of the organ’s movement, automated 

suturing could significantly improve the less 

practiced crew members’ performance on one 

hand, while special security measures could also 

be applied. The setting of virtual boundaries for 

the robot, tool limitations and speed constraints 

may reduce the risk of malpractice. Astronauts 

should also benefit from advanced imaging 

technologies (e.g.: accurately matched anatomic 

atlases for better navigation around the organs.) 

With the use of augmented reality systems, live 

and virtual images can be merged in real time to 

make the operation even smoother.   

There is no sharp limit between 

telementoring and consultancy telemedicine. 

Above a certain time delay, the terrestrial 

medical support crew will not be able to react on 

time to unforeseeable events during the 

procedure. By the time they receive the video 

signal from the spacecraft, the operating 

environment might have drastically changed, 

therefore the astronauts should be able to 

perform the procedure on their own, after having 

consulted the ground centre. Above app. one 

minute of delay, it is inconvenient and 

impractical for the crew to wait for the guidance 

of the ground after every step accomplished, and 

in some cases, it would endanger the success of 

the operation. The flight surgeon must be trained 

to conduct the operation and make decisions on 

its own.  

If there is no real-time connection between 

the spacecraft and the ground control, the 

terrestrial surgical centre could still run 

complete surgical simulations. Given the 

astronauts’ precise 3D model gained for 

extensive MRI, CT and PET scanning prior to 

the mission, a variety of operations and possible 

outcomes could be simulated and analyzed on 

the ground. Complete risk assessment, 

identification of bottlenecks and personalized 

best-practice methods could be evaluated. The 

condition updates of the ill or injured crew 

member could be gained from Ultra Sound 

imaging and other scanning equipment on board, 

along with the data of biosensor-networks. 

These are to be merged with the recorded model 

before to the real operation; therefore the 

surgeons on Earth could provide a priori results 

and recommendations in the form of 

consultancy.   

It was shown during the NEEMO missions 

that the general performance of the telesurgery is 

higher than of the telemedicine, and a team of 

experts may do better than the flight surgeon. 

Therefore depending on the feasibility, 

telesurgery should be preferred on 

telementoring.  

New surgical techniques may offer less 

invasive solutions for in-space operations as 

well. In April 2007, the world’s first no-scar 

surgeries were performed; a transvaginal 

cholecystectomy in France and a transgastrinal 

appendicitis surgery in the U.S. Flexible 

endoscopes were used for the incision-free 

surgery. It is easier for non surgeons to learn the 

fine control of the endoscope, and it poses less 

danger to the patient.  

With a complete remote controlled robot on 

board, high quality surgical assistance could be 

provided for long duration space missions. 

Besides, the astronauts would be able to conduct 

several material and life science experiments 

and research, using the robots for micro-

manipulations, and assist post-operative 

interventions.  

 

On Earth applications 
 

The continuous development of space robots 

has already had significant results in the case of 

terrestrial spin-offs. The technology originally 

developed for space can solve various problems 

on the ground. Advanced teleoperated surgical 

platforms could have a great impact in remote 

health procedures, using the semi-autonomous 

techniques invented for manned space missions.  
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A good example is the MR imaging based 

neuroArm robot, built by the Canadian MD 

Robotics Inc., based on the technology 

originally developed as the ISS’s Mobile 

Servicing Systems’ dual-arm end effector, the 

Special Purpose Dexterous Manipulator. The 

neuroArm has a variety of surgical instruments 

attached, such as forceps and specialized 

instruments to hold, cut and cauterize brain 

tissue.  

An SRI International led consortium was 

awarded a U.S. governmental contract to 

develop surgical robots for battlefield rescue 

operations. Surgeons will need to manipulate the 

robot in real time, using technology (borrowed 

from space research) that prevents any delay 

between their commands and the robot's actions. 

The first setup contained a modified da Vinci 

robot, having replaced the fixed wire between 

the master and the slave by a wireless link, using 

an unmanned drone as transmitter. In the case of 

military applications, automated functions would 

also take the leading role. SRI plans to integrate 

smaller surgical robots-originally developed for 

space-with an automated suturing feature in the 

next phase. The Raven robot (Figure 7.) built by 

the University of Washington would also find its 

potential use on the battlefield, as intensive pilot 

tests have started recently [8].  

 
Figure 7.  The Raven surgical robot on a 

field test in 2006 (Photo: Washington 

University)  

 

The consoles, interfaces, video imaging 

systems are to be sold as separate products, for 

several possible fields of application. Simulators 

can be used for educational purposes, medical 

students would be able to experience and train 

almost under real life conditions, without any 

hazard. Virtual surgery on Earth (virtual reality 

systems with haptic interface) offers an 

inexpensive and risk-free alternative to present 

days’ training exercises. Basic data for 

simulation can easily be gathered from real 

robotic systems, and the different effects of 

latency could also be experienced based on the 

information collected from space missions. 

Finally, robot surgeons promise to save lives 

in remote communities, in contamination zones 

and disaster-stricken areas, with the remote 

control strategies originally developed for space. 

 

Conclusion 
 

Surgical robotics is a fast-growing field of 

biomedical engineering, and it may have a bright 

future in space exploration as well. 

Unfortunately, the communication delay caused 

by the finite velocity of radio waves cannot be 

totally overcome. The latency causes significant 

difficulties in real time control, and even with 

additional adaptive control coupling, the 

feasibility of teleoperation can only be extended 

to app. 2 s. On orbit, and near Earth, classic 

telesurgery can be effectively used. The 

technology already existing may be profitable in 

short distance missions, primarily on the ISS, 

where typical acute illnesses could be treated 

provided a teleoperated surgical robot. 

Telementoring may stay effective even with a 

minute of communication lag time, while in 

bigger distance, astronauts are left alone with the 

technology they have on board, receiving 

terrestrial support in the form of consultancy. 

There is a significant need for more advanced 

automatic robotic functions, to improve human 

performance. Crew members have to be trained 

to provide diagnosis and a series of medical 

treatment, as robots cannot totally replace the 

adaptive surgeon in medical procedures, and 

human supervisory control is always required to 

improve safety. Surgical robots on board may 

become useful in helping the astronauts with 

repetitive high-precision tasks and scientific 

experiments. 

Throughout the entire long duration, long 

distance mission, a mixture of teleoperation, 

telementoring and telemedicine is proposed for 

best achievable performance. The first 
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astronauts seeking to explore the Mars and space 

beyond Moon have to be prepared for risks that 

have not even been identified till present, 

therefore the most advanced technical support 

available should be provided. 
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