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Abstract— The field of surgery is undergoing a big change, 

spurred on by remarkable advances in surgical technology. 

Recently, we have robotic systems built their way into the 

operating room as dexterity-enhancing surgical assistants in 

answer to surgeons’ needs for ways to overcome the surgical 

limitations of minimally invasive laparoscopic surgery. The 

1st generation of surgical robots is being installed in a 

variety of operating rooms around the world already. These 

are not real autonomous robots; instead they are just lending 

a mechanical helping hand to surgeons. The actual methods 

by which these surgical robots are controlled are Remote 

control and voice activation methods. The Robotic surgical 

system helps surgeons to eliminate gallbladders and perform 

other surgical procedures while seated at a computer console 

and 3-D video imaging system across the operating room. 

The surgeon handles controls by their hands and fingers to 

coordinate a robotically controlled laparoscope. At the ends 

of the laparoscope are forward, articulating surgical 

instruments and miniature cameras that allow surgeons to 

peer into the body and perform the procedures. Robotic 

surgery makes use of Robots to perform surgery. Robotic 

surgery is different from a usual invasive surgery. 

Minimally invasive surgery (also called as laparoscopic 

surgery) is a general term for procedures that reduce trauma 

by performing operations through small ports rather than 

large incisions. Minimally invasive surgery is now common 

place for certain procedures. But till now, we haven't been 

able to use minimally invasive techniques for more difficult 

operations. With our trained and skilled surgeons and the 

robotic system, now we can use minimally invasive 

techniques in even the most complicated procedures like 

gastrointestinal surgery, Cardiac surgery, Neurosurgery, 

Urology, Gynecology, Orthopedics etc. 
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I. INTRODUCTION 

Robotic surgery is the use of robots in carrying out a 

surgery. There are three major advances aided by surgical 

robots namely unmanned surgery, remote surgery and 

minimally invasive surgery. 
[1]

 There are mainly three 

different types of robotic surgery systems: tele-surgical 

systems, shared-control systems and supervisory-controlled 

systems. The main difference between each system is how a 

human surgeon must be when performing a surgical 

procedure who is involved in the system. 
[3]

 The military is 

also responsible for many of the advances in robotic 

surgery. That's because military officials believed that 

robotic surgery would provide a way for surgeons to help 

patients on the front lines of combat zones without putting 

themselves in danger. 
[1]

 

 
Fig. 1.1: Robotic Surgery 

Robotic surgery is the latest technological 

advancement that introduces the robotic technology into the 

field of surgery. This system and other robotic devices 

developed or under development have the potential to 

revolutionize surgery and the operating room. They made 

available surgeons with the precision and dexterity 

necessary to perform complex, minimally invasive surgical 

(MIS) procedures, such as bypass neurological, orthopedic, 

beating-heart single or double-vessel, and plastic surgery 

between many other future applications. 
[2]

 

II. HISTORY 

In the year 1985 the PUMA 560, a robot, was used to place 

a needle for a hip replacement Intuitive. In 1995, Surgical 

System introduces the Da Vinci Robot, ZEUS robotic 

surgical system in the year 1985 the PUMA 560, a robot, 

was used to place a needle for a hip replacement Intuitive. 
[1]

 

In 1995, Surgical System introduces the Da Vinci 

Robot, Computer Motion, AESOP and the ZEUS robotic 

surgical system. The PROBOT was used to perform 

prostatic surgery in England in 1988.The ROBODOC from 

Integrated Surgical Systems was introduced in 1992, and is 

a robot to mould precise fittings in the surgery. Marescaux 

used the Zeus robot to carry out a surgery in 2001. 
[6]

 

 
Fig. 2.1: Helpmate robotic system 

http://en.wikipedia.org/wiki/Robot
http://en.wikipedia.org/wiki/Surgery
http://en.wikipedia.org/wiki/Remote_surgery
http://en.wikipedia.org/wiki/Minimally_invasive_surgery
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Fig. 2.2: Probot system 

III. DIFFERENT TYPES OF ROBOTIC SURGICAL SYSTEMS 

A. Da Vinci Surgical Systems 

The Da Vinci system was developed by Intuitive Surgical 

system, established in the year 1995. Founders of DA Vinci 

surgical system used robotic surgery technology which was 

previously known as Stanford Research Institute, developed 

at SRI International. 
[7]

 In May 2001 The FDA approved da 

Vinci surgical system .The Da Vinci is a surgical robot 

helping surgeons to perform complicated surgeries in a 

minimally invasive way, in a manner never experienced 

before to promote well-being and enhance healing.  
[7] 

It is 

used in over 300 hospitals in Europe and America. The Da 

Vinci was used in at least 16,000 procedures in year 2004 

and sells for more than 1.2 million $. 
[4]

 

 
Fig 3.1: Da Vinci System 

B. Aesop 

Aesop's function is quite simple merely to carefully guide or 

manipulate a tiny video camera inside the patient according 

to voice controls provided by the surgeon. Aesop has 

eliminated the need of a member of the surgical team to 

carry the endoscope in order for a surgeon to look his 

operative field in a closed chest procedure by doing so. This 

advance pronounced a major growth in port-access or closed 

chess bypass techniques, as surgeons could now directly and 

accurately control their operative field of view. Nearly 1/3 

of all minimally invasive procedures use Aesop to control an 

endoscope today. Each Aesop machine can handle 240 cases 

a year, then only 17,000 machines are needed to handle all 

minimally invasive procedures which is a relatively small 

number considering the gains of this technology. 
[5]

 

 
Fig 3.2: Aesop system 

C. Zeus 

Zeus is the youngest and most technically advanced robotic 

system. Zeus involves robotic arms that mimic conventional 

surgical equipment and a viewing monitor that gives the 

surgeon a view of his operative field. Most importantly, 

Zeus helps a surgeon to operate on a patient using joystick 

like handles which translate the surgeon's hand movements 

into accurate micro-movements inside the patient. 
[1]

   

E.g.:- A 1-cm movement by a surgeon's hand is 

translated into a 0.1 cm movement of the surgical tip carried 

by a robotic arm. Zeus has the unique capability of 

decreasing human hand tremor and greatly increasing the 

skills of the surgeon. Zeus enables surgeons to go beyond 

the boundaries of MIS enabling a new class of delicate 

procedures which are impossible to perform currently. The 

main disadvantage is high machine cost. It is around 1 

million dollars. Still its FDA approval is pending. 
[8]

 

 
Fig 3.3: Zeus System 

D. Hermes 

Hermes does not use robot arms to make the Operating 

Room more efficient Unlike Aesop and Zeus. Rather 

Hermes is platform designed to network the operating room, 

which can be controlled by simple voice commands, 

integrating surgical devices. Many pieces of surgical 

equipment are out the range of sterility for the surgeon and 

must be manipulated by a surgical staff while Hermes 

enables all required equipment to be directly under the 

surgeon's control.  
[9]

 Hermes can integrate lights, tables, 
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video cameras and surgical equipment reducing the time and 

cost of surgery.  

 
Fig 3.4:- Hermes 

IV. WORKING OF ROBOTIC SYSTEM 

Robotic devices typically have a computer software 

component that controls the movement of mechanical parts 

of the device as it acts on something in its environment 

today. The software is "command central" for the device's 

operation. 

Surgeon sits in the console of the surgical system 

several feet from the patient. He looks through the vision 

system - just as a pair of binoculars - and gets a huge, 3-D 

look of inside the patient's body and area of the operation. 
[3]

 

The surgeon moves the handles on the console in 

the directions he wants to move the surgical instruments, 

while watching through the vision system. The handles 

make it simple for the surgeon to make accurate movements 

and operate for long periods of time without getting tired. 

The robotic system transmits and translates these 

precise hand and wrist movements to tiny instruments that 

have been inserted into the patient through small access 

incisions. 
[7]

 

This combination of increased view and tireless 

dexterity is enabling us to overcome some of the limitations 

of other types of less invasive surgery. It's also allowing us 

to use minimally invasive surgery for more complicated 

operations. 

 
Fig.4: Operating Room 

The working of Da Vinci is explained as below:- 

There are mainly four main components of da 

Vinci:  Endo Wrist Instruments, the surgeon console, 

patient-side cart and Insite Vision System with high 

resolution 3D Endoscope and Image Processing Equipment. 
[7]

 

A. Surgeon Console 

The surgeon is situated at this console several feet away 

from the patient operating table. The surgeon has his hands 

inside the system's master interface and has his head tilted 

forward. The instrument controls enable the surgeon to 

move within a one cubic foot area of work space.  The 

surgeon sits viewing a magnified 3D image of the surgical 

field with a real-time progression of the instruments as he 

operates. 

 
Fig 4.1: Surgeon console 

B. Patient-side Cart 

This component of the system contains the robotic arms 

which directly contact the patient. It consists of one 

endoscope arm and two or three instrument arms.  Intuitive 

launched a fourth arm, as a part of a new system installation 

or as an upgrade to an existing unit, costing $175,000, as of 

2003. It provides the benefits of being able to manipulate 

another instrument for complex procedures and removes the 

need for one operating room nurse. 
[1]

 

 
Fig 4.2: Patient side cart 

C. Detachable Instruments: 

The Endowrist detachable instruments allow the robotic 

arms to maneuver in ways that simulate fine human 

movements. Each instrument is switched from one to the 

other using quick-release levers on each robotic arm and has 

its own function from suturing to clamping. The device 

memorizes the exact position of the robotic arm before the 

instrument is replaced so that the second one can be reset to 

the exact same position as the first one. 
[2]

 The instruments' 
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abilities to rotate in full circular direction provide an 

advantage over non-robotic arms.  

The seven degrees of freedom i.e. the number of 

independent movements the robot can perform offers 

considerable choice in pivoting and rotation. The surgeon is 

able to control the amount of force applied, that varies from 

a fraction of an ounce to several pounds. The Intuitive 

Masters technology has the ability to filter out hand tremors 

and scale movements so that the surgeon's large hand 

movements can be translated into smaller ones by the 

robotic device. Carbon dioxide (co2) is usually pumped into 

the body cavity to make more room for the robotic arms to 

maneuver. 
[3]

 

 
Fig 4.3: Endowrist detachable instruments 

D. 3-D Vision System 

Endoscope arm or the camera unit provides enhanced 3-D 

images. This high-resolution real-time magnification 

showing the inside of the patient allows the surgeon to have 

a considerable advantage over regular surgery. 
[2]

 The 

system provides more than a thousand frames of the 

instrument position per second and filters each image 

through a video processor which eliminates background 

noise. 
[5]

 It also enables the surgeon to quickly switch views 

through the use of a simple foot pedal unlike the Navigator 

Control. 

 
Fig 4.4: 3-D Vision System 

V. APPLICATIONS 

 Cardiac surgery 

 Gastrointestinal surgery 

 Gynecology 

 Neurosurgery 

 Orthopedics 

 Pediatrics 

 Radio surgery 

 Urology 

VI. ADVANTAGES 

Robotic surgery offers many advantages over traditional 

surgery. The Robotic Surgical System is beneficial for both 

patients and surgeons. Robotic surgery gives us even greater 

vision, precision and dexterity than possible with usual 

minimally invasive surgery, so that we can now use 

minimally invasive techniques for a broader range of 

procedures. 

A. The Patient Side Benefits Include 

 Pain will be reduced and less trauma to the body 

 Complications will be less. 

 Patient will have less blood loss and there is less 

need for transfusions 

 Pain after operation will be less and will have less 

discomfort 

 Possibility of Infection will be less 

 Patient's Stay in hospital will be less  

 Recovery will be faster and faster return to work 

 In case of patient, scarring will be less and 

improved appearance 

B. Surgeon side benefits include 

 Surgery is easier and more accurate. 

 Robotic assistants can also reduce the fatigue that   

doctors experience during surgeries that can last 

several     hours. 

 Compensate hand tremors (an involuntary 

quivering movement) of surgeon. 

VII. LIMITATIONS 

 Current equipment is expensive to maintain, obtain 

and operate. 

 Surgeons and staff need special training before 

performing any robotic surgery. 

 In case of robotic surgery data collection of 

procedures and their outcomes remains limited. 

 Time involved in the whole operation will be 

comparatively more. 

 Absence of whole human presence. 

VIII. FUTURE DEVELOPMENTS 

The use of a computer console to perform operations opens 

up the idea of telesurgery from a distance, which would 

involve a doctor performing delicate surgery miles away 

from the patient. 
[1]

 the doctor can control the robotic arms 

from a computer station just a few feet away from the 

patient, then the next step would be performing surgery 

from locations that are even farther away, If the doctor 

doesn't have to stand over the patient to perform the surgery. 

In real-time if it were possible to use the computer 

console to move the robotic arms , then it would be possible 

for a doctor in one country(or a particular place) to operate 

on a patient in another country(or another place). A major 

obstacle in tele-surgery has been latency -- the time delay 

between the doctors moving his or her hands to the robotic 

arms responding to those movements. The doctor must be in 

the room with the patient to react instantly to the doctor's 

hand movements currently. 
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In future it might be possible that we can 

implement such robotic technology for pregnancy cases too. 

Well, till now it is not the case but in future we can develop 

such a system that will handle pregnancy cases too. This 

robotic surgery technology is beneficial undoubtedly but it 

is not possible to conduct in a developing country like India 

because of its high cost so in future the government of such 

developing countries should collect funds in order to 

conduct such technology and to make it available for the 

people in such countries.  

IX. CONCLUSION 

Robotic surgery has proven itself to be worthy 

already particularly in areas not accessible to conventional 

laparoscopic procedures. As Still there certain areas where 

conventional laparoscopic methods falls a bit short. Robotic 

technology is set to reform surgery by improving and 

expanding usual laparoscopic methods, accelerating surgical 

procedures, and bringing surgery into the digital age. There 

might be a time in the future when robotic surgery system 

will replace the conventional laparoscopic procedures. 

It has the potential to expand surgical treatment 

techniques beyond the boundaries of human capability. It 

has been brought an accuracy and perfection in the surgical 

system and is also improving exterity so that such fast 

emerging technology would allow surgeons to conduct 

operations which are not agreeable to minimal access 

methods soon. Therefore the benefits over this minimal 

access method surgery might be applicable to wider range of 

procedures. Though robotics surgery is still in its early 

stages, still it is a cutting edge development in the surgery 

field which can have high ending implications. Safety is also 

ensured as a number of cases done using robotics surgery 

have shown positive outcomes. This tele-robotic surgery is 

currently seen as an excellent way to deliver surgical care to 

the patients who don’t have direct access to the surgeon. 

Such system might replace the conventional laparoscopic 

methods by gaining considerable amount of belief among 

patients and will provide a great sense of reliability as well 

as a comfort zone to patients. 

Our goal in writing this review is to provide an 

evaluation of this technology and to touch on some of the 

subjects that manufacturers of robots do not readily disclose. 

In this paper, we have discussed the evolution and 

development of robotic surgery, review current robotic 

systems, discussed the current role of robotics in surgery 

field, and finally we have discussed the possible roles of 

robotic surgery in the future. It is our hope that by the end of 

this paper, the reader will be able to make a more informed 

decision about robotic surgery.  
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