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Abstract— Medical and engineering are two very different fields of study or so is the general misconception. This review 
paper aims on reviewing the researches and advances done in medical field by engineers. Specially the use of robotics to 
improvise and simplify the treatment, diagnosis, surgery and other medical procedures. Use of robots in medical field has been 
increasing since there has been a lot of successful and less painful surgeries using robotic expertise. This paper also reviews 
researches and advances in robotic field such as different techniques in solution of inverse kinematics of a robot, various 
designs and analysis of different robots and control of a robotic arm. At the end, this review paper compares our current 
research on CT image guided robotic arm for biopsy of tumor and cancer tissue cells with previous researches and mentions 
how our research will further help medical field in diagnostics. Hence this review paper gives in depth review about the use 
and success of robotic technology in Medical field and also about advances in the field of robotics and compares them with our 
current research on robotic arm for medical diagnostic intervention. 
 
Index Terms— Medical robots, Solution of inverse kinematics, control of robotic arm, CT image guided robotic arm.  
 
I. INTRODUCTION 
 
A Life is precious. Different diseases can attack 
human body and cause morbidity and mortality. The 
modern medicine aims to treat such diseases by 
utilizing latest technologies. One such area is 
diagnosis and treatment of cancer. For cancer 
diagnosis the tissue sample from the tumor is obtained 
by a process known as biopsy. When the tumor is 
located on the body surface it can be subjected for 
direct biopsy where as tumors located inside the body 
needs precision placement of biopsy needle under 
image guidance like CT scan. The trajectory of the 
needle is calculated by semi quantitative method 
where inputs from CT scan are applied using eyeball 
method. Due to this the doctors sometimes may make 
mistakes in placing the needle during procedure, 
which can result in complications. spacing.  
 
II. LITERATURE REVIEWS 
 
A. Medical Paper Reviews 
There are many robotic procedures already being done 
and giving successful results. There is a robot for 
precutaneous radiological interventions having a 6 
degree of freedom for manipulating a needle or other 
suitable surgical instrument in a confined space. This 
robot is known as acubot and was mentioned in a 
paper by Dan Stoianovici, Kevin Cleary et al. Vishnu 
G. Mallapragada et al in their research paper 
'Robot-Assisted Real-Time Tumor Manipulation for 
Breast Biopsy'. They suggested a robotic assistance in 
breast biopsy to position the breast tumor at the 
desired target as the tissue of the breast is soft and 
tumor can change position when inserting a biopsy 

needle during normal procedure. In yet another 
clinical trial research paper named 'Automated robotic 
arm navigation for CT guided interventions: 
preliminary clinical experience' by D. Schmidt et al, 
they took 2 males and 1 female as their trial subjects. 
Among the three target lesions one was located in 
bone, one in the liver and one epidural at the spine. 
They used the PIGA work station with ROBIO by 
inputting a multislice CT image. in this procedure the 
machine sets all the parameters while the doctor has to 
simply insert the needle through the machine. 
 
In a research paper named "Critical Analysis of 
Robotic Surgery for Laryngeal tumors" by 
[8]Francisco  Esteban et al they have mentioned the 
advantages and  disadvantages of using the da Vinci 
robot for laryngeal tumor surgery and there was only 
one disadvantage that being the cost. A research 
named "A Novel Robotic System for Single-port 
Urologic Surgery: First Clinical Investigation" by 
Jihad H. Kaouk et al is done to do urological surgery 
by a laparoscopic procedure through a single 
abdominal incision using robotic arm. This procedure 
proved to be successful and postoperative pain was 
less. Yet another research named "Robotic rectal 
resection for cancer: A prospective cohort study to 
analyze surgical, clinical and oncological outcomes." 
by [11] Amilcare Parisi et al used robotic approach in 
patients with rectal cancer. This research was proven 
to be safe and feasible for rectal surgery of tissue 
dissection. A robotic project by Dr.Ing. Angelika Peer 
named REMEDI is designed to do diagnosis like 
checking pulse stiffness of different organs of the 
stomach and it can send the data report to doctors over 
large distance via internet. 
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In a study " A feasibility study of NIR fluorescent 
image guided surgery in head and neck cancer based 
on the assessment of optimum surgical time as 
revealed through dynamic imaging" conducted by 
Junkichi Yokoyama et al they have used near infrared 
fluorescence technique to locate the position of tumour 
cells in head and neck region in real time for robotic 
surgery. Robotic surgery is usually done in head and 
neck region to prevent organ damage. The main 
objective of that paper was to give a proper optimized 
time frame for the surgery after the indocyanine green 
(ICG) fluorescence injection is given to the patient. 
They took 9 patients and performed surgery at 
different time frames. their conclusion was that the 
optimal time of surgery is from 30 minutes to 2 hours 
after the administration of the indocyanine green 
(ICG) injection. 
 
B. Reviews of robotic technology 
When In a research paper "Neural network based 
inverse kinematics solution for trajectory tracking of a 
robotic arm" by Adrian-Vasile Duka has mentioned 
the use of neural network based solution for trajectory 
tracing of a robotic arm. Training of the robotic arm 
was done using forward kinematics by giving joint 
angles to the 3 link in 2 Dimension robotic arm model. 
After the training was completed a trajectory was 
given to the robotic arm to trace, which was inside its 
workspace using MATLAB software. The two-layer 
feed-forward network with sigmoid hidden neurons 
and linear output neurons can fit multi-dimensional 
mapping problems arbitrarily well, given consistent 
data and enough neurons in its hidden layer. Although 
the results show promising trajectory tracking 
capabilities, the problem of using a neural network for 
the inverse kinematics should be further addressed. 
There are several directions that require further 
attention. 

In a paper published by C an Acosta calderon et al 
in their research paper "Trajectory generation and 
tracking of a 5 degree of freedom robotic arm" 
presented a comparison between an analytical inverse 
kinematics based hybrid approach and a Resolve 
Motion Rate Control Method. The robotic arm that 
was used in this research is The Pioneer 2 mobile 
robot, with a robotic arm and a camera. The 
comparing parameter was response time, position 
accuracy, and orientation accuracy. Experiments 
showed that the RMRC is more efficient in terms of 
time response but not in terms of accuracy. This can be 
seen in the result as the position tracking done in 
MATLAB shows slight error. These two methods can 
be used separately when there is a need of either fast 
response time or position accuracy during trajectory 
generation. 
Shyam R Nair published a paper named "Design of a 
robotic arm for picking and placing an object 
controlled using LABView".  In their paper they 

designed robotic arm using lab view software for 
picking and placing an object. The design was done 
for a three degree of freedom robotic arm that has 2 
links and three joints using inverse kinematics to 
calculate rotation. The response and feedback of the 
robot was improved using accelerometer. they 
successfully designed a robotic arm that can take the 
coordinate values and compute the angles using the 
inverse kinematics and proper rotations which are 
made by the motors. These angle values are stored in 
eeprom of the controller. When the next coordinates 
are obtained, again the robot calculates the angles, but 
this time it looks back to the values stored in eeprom 
and compares it with the newly computed angle 
values. Then the robot rotates the motors in such a way 
that the new angles are achieved. And the newly 
computed angles are overwritten on the previously 
stored values..  

 
C. Knowledge Gap 
From the above reviews of the research papers one can 
see that a lot of advances have been done in robotic 
and medical field. But there are still many areas of 
research in these fields. Researches can be carried out 
to fully automate a robot for diagnostic purpose such 
as biopsy using a CT scan image guidance. Thus it will 
limit human interventions to as little as possible 
making the procedures such as biopsy very accurate 
and less painful for the patient. There are many more 
factors that will prove to be useful  with such kind of 
research, it will help doctors in many ways, doctors 
will be able to provide patients with better medical 
care. much more accuracy. With a fully automated CT 
image guided  robot doctors will not be exposed much 
to the harmful radiations. This will help make the 
working environment for the doctors even more 
suitable. Such a robot must also be space efficient so as 
it can be stored easily when not in use and it should 
also be as cost efficient and medical environment 
friendly as possible. 
Similarly there are many such research and studies 
that needs to be done in both medical and robotic field. 
eventually all these researches will help mankind to 
move forward and save much more lives than we can 
save today. Hence such researches are a very 
important part of society and the whole world. 

 
III. OBJECTIVE OF CURRENT RESEARCH  
 
We in our current research are trying to make a robotic 
arm that will help in diagnostics by being able to do a 
biopsy by taking input from CT scan images with as 
little human intervention as possible. The model is 
designed to be space efficient when not in use and it 
will be cost efficient. The prime objective is to design 
and model a robotic arm that can go to its designated 
target point by just taking the input of the coordinates 
of that target point from computed tomography (CT) 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,    Volume- 4, Issue-11, Nov.-2016 

Review on Application of Robotic Arm in Medical Field With Special Focus on CT Image Guided Biopsies 
 

11 

scan image. The robotic arm will have 6 links 
(including base link) and 3 degrees of freedom. The 
Joint angles of the robotic arm are calculated using 
forward and inverse kinematics which are solved 
using MATLAB software. Designing of the robotic 
arm is done in CATIA V5R21 software. Simulation 
and trajectory tracking is also done in MATLAB 
software. We being engineers want to help the doctors 
and patients to be able give and receive even better 
care and as accurate and painless diagnostic Biopsy  as 
possible. 
 
IV. RESULTS 
 

 
Fig 1. 3-D view of the robotic arm in CATIA 

 
The Fig.1. shows the 3-D view of the robotic arm 
designed in CATIA. In this figure one can see that the 
design is such that the links can slide inside the first 
link (waist) at idle position thus making the model 
space efficient. 

 

 
Fig 2. The robotic arm at First Target point 

 
The Fig-2 shows the robotic arm being simulated. 
First target point is the coordinate at which the end 
needle will be when it is just touching the skin on a 

human body when the biopsy will be done. A path is 
traced by the end needle in this figure towards First 
target point. The path traced is shown with blue lines. 

 
Fig 3. Path Traced 

 
The Fig 3. shows the path traced by the end needle of 
the robotic arm. The end needle goes from closed 
position to open position and then it goes to Target 1. 
From Target 1 the end needle goes to Target 2 tracing 
a path shown in figure. 
 
CONCLUSION 
 
It has been seen From previous researches that 
Medical and engineering fields go hand in hand. 
Specially since robotics is introduced in medical field. 
Robotics is helping patients in getting a very reliable 
treatment which is very accurate. these treatments 
have proven to be less painful during surgery and post 
surgery as well. Recovery of a patient after a 
robotically intervened  surgery is much faster than 
normal methods. Microsurgeries of vessels and 
muscular tissues have been possible due to precision of 
the robotics. robotics have helped doctors in giving 
proper care to the patients. With the help of robots 
doctors are now able to target a specific damaged or 
infected portion of the human body and remove those 
infected tissues. Using micro robotics doctors are now 
able to have new ways of targeted drug delivery 
systems in place. Thus robotics has definitely helped 
mankind and medicine and has saved countless lives.  
Although there are many advancements in this field 
but robotics for medical purpose is still in its infancy 
and requires the attention of the researchers. Robotic 
surgery, robotic diagnostics and robotic care is the 
future of medical world. To ensure a bright future 
more research needs to be done in these fields. We in 
our current research are trying to make a robotic arm 
for CT image guided biopsy procedures which will 
make biopsies easier, less painful and affordable at 
provincial hospitals. Similarly more researches are 
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required in medical robotic field which will eventually 
help humans in saving more lives. 
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