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     Abstract: Obstacle avoidance in robotics is a very vital and 
important aspect. Many techniques developed over the years to 
perform obstacle avoidance. With the advent of cutting-edge 
technologies, it has become more prominent in the field of 
robotics. While there exist algorithms and models that perform 
obstacle avoidance, this project is to implement obstacle 
avoidance with minimal deviation from the original path. The 
intention is to do this task by applying a concept called 
sensor-fusion. Sensor fusion techniques have been making 
rounds among the scientific community over the years. Many 
scholars and researchers have incorporated many algorithms 
associated with sensor fusion in their respective works. There are 
algorithms associated with Artificial Neural Networks (ANN) and 
fuzzy logic systems. The nature of obstacles in these works have 
remained uncertain in most of the cases except for curvature 
obstacles that uses algorithms like the bug algorithm to traverse 
along the curvature obstacle. This paper in contrast, defines the 
nature of the obstacle viz. Polygonal obstacles that considered in 
this work. The proposed work keen about algorithm developed on 
the platform of FPGA Artix-7 family (XC7A35T-1CPG236C).   
    Keywords: Sensor Fusion, Obstacle avoidance, FPGA, Verilog  

I. INTRODUCTION 

Obstacle avoidance is one of the most basic problems in 
mobile robotics. In those systems where there are no other 
moving objects other than the robot itself, static obstacle 
avoidance is sufficient. Many industries today are using 
robots due to their high-performance level, reliability and 
which is a great help for human beings. The obstacle 
avoidance robotics used for detecting obstacles and avoiding 
the collision. This is a mobile robot. The design of obstacle 
avoidance robot requires the integration of many sensors 
according to their task. The obstacle detection is primary 
requirement of this mobile robot. The robot gets the 
information from surrounding area through mounted sensors 
on the robot. Some sensing devices used for obstacle 
detection like bump sensor, infrared sensor,  
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ultrasonic sensor etc. Ultrasonic sensor is most suitable for 
obstacle detection and it is of low cost and has high ranging 
capability. There exist models that perform obstacle 
avoidance of both defined and undefined obstacle. The 
differentiator that makes the work in this is the fact that the 
deviation from the original path of the obstacle minimized and 
henceforth the path of 
propagation remains intact. This project intends to use an 
Arty Artix-A7 35T FPGA board. It has approximately 33,800 
logic blocks. It has a system clock of 100MHz and around 90 
DSP slices. As mentioned in [1], local navigation technique 
involves a technique called the adaptive navigation. It keeps 
track of distance from the obstacle and robot in three 
directions. A maximum distance defined as a boundary value 
beyond which the robot does not detect the objects. The 
obstacles are convex polygons in this case and the avoidance 
mechanism evaluated mathematically. The trajectory of the 
mobile robot decided based on the nature of the polygon. 
Hence, this makes the design more feasible and compact. For 
the path-planning model that make use of various algorithms 
based on the requirement [2] categorized as off-line path 
planning and online path planning. Depending on the nature 
of the environment, either local or global environment, the 
robot collects the surrounding information and orients 
accordingly. The first aspect for path planning is the DDA 
algorithm for straight path tracing and DDA arc drawing for 
arc tracing. It introduces a new algorithm called the Virtual 
Circle Tangents algorithm, which computes the shortest path 
from source to target. In this, the polygon shaped obstacles 
generalized by representing them as circles encircling the 
edges of the polygon. The mobile robot navigates through the 
path by an algorithm called randomized incremental 
algorithm. In the case of sensor fusion model [3], for collision 
free mobile robot navigation, method defines various models 
for obstacle avoidance viz. Fuzzy logic, Kalman Filtering and 
ANN. In Fuzzy systems, raw inputs from the sensors taken 
into consideration and are processed with respect to the 
membership function. These inputs fuzzified to give the 
probabilities of collision. Based on the collision probability, 
the robot decides the motor action. The implementation done 
using simulators such as Webot Pro. Alternatively, the 
Kalman Filtering is a technique used to estimate the position 
and orientation of the obstacle. The infrared range finders are 
the sensors used in this process. In the same line, ANNs are 
mathematical models composed of nonlinear computational 
elements (neurons), operating in parallel and connected as a 
graph topography characterized by different weighted links. 
ANNs have proven to be more powerful and more adaptable 
method, compared to traditional linear or non-linear analyses. 
The layers of processing neurons connected in different ways.  
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The neurons trained to learn behavior of any system, using 
sets of training data and learning algorithms to tune the 
individual weight of the links. Weights altered to improve the 
robustness of the system. Once the errors for the training data 
minimized, the ANNs can remember the functions, and be 
engaged in further estimations. The data closely linked with 
the processing. One major problem currently is determining 
the best topology for any given problem. Recent research in 
such robot navigation have successfully used neural networks 
in sensor fusion. Quadratic Bezier curves algorithm [4] 
functions in terms of conditional probability. The quadratic 
Bezier curve can be improved through a division and conquer 
technique whose basic operation is the generation of multiple 
midpoints on a specific curve. The platform of the mobile 
robot constructed with three ultrasonic sensors placed around 
the front of the platform with 45° between them. These 
sensors utilized to sense the locations of obstacles in any 
environment surrounding the mobile robot. Based on 
sensor(s) detection for obstacles in the environment of the 
mobile robot, five different scenarios introduced and studied. 
To navigate the robot in the unknown environment, two main 
points taken into consideration: Firstly, the smooth rotation of 
the mobile robot around the obstacles performed to avoid a 
collision; and secondly, the robot should follow the shortest 
path to reach a target with minimum time. In the sense, this 
algorithm works as follows. Given that the distance from the 
obstacle is X and given that the collision probability is Y, the 
best path to avoid the obstacle is Z. This solves many complex 
cases for a polygon with any number of sides and works fine 
even in an indoor environment. 

II. METHOD 

In any environment, Obstacles are those barring curvatures, 
and characterized by their edges and vertices. The existing 
models avoid obstacles with larger deviations from the 
original path of propagation. So, the idea of this project is to 
minimize the deviation and avoid the obstacle along its 
configuration and develop a method of evolution to follow the 
shape of a polygonal obstacle by processing of fused data 
(collective data from sensors) to determine the respective 
movement of the robot.  

A. Obstacle Avoidance Strategy 

     The first aspect of the strategy is sensor fusion. The 
sensors in this scenario are ultrasonic sensor (HC SR04) 
operating at frequency of 40 KHz, framed as fused elements 
to trace the object. The tracing of the object at every iteration 
with respect to the system clock, in our case FPGA board 
results the distance of separation from obstacle. The 
mentioned ultrasonic sensor possesses a beam angle of 30 
degrees and a range of 2cm to 450 cm. Such fused ultrasonic 
sensor array measures distance from an encountered obstacle 
at each iteration. With respect to the angle of object from the 
individual sensor elements in the array and distance of 
separation, the mobile robot executes obstacle avoidance 
procedure. This array of sensors positioned such that it covers 
maximum area in the front part of the mobile robot. These 
sensors keep track of the obstacle distance and their position. 
Hence, based on the distance from the obstacle and the 
orientation of the robot, the motor action decided. The 
environment considered in this particular scenario is a static 

environment i.e. a fixed and defined obstacle. In General, real 
world objects characterized by edges and vertices barring 
curvature type objects. Hence, polygons form an integral part 
in real-time objects. Further, the obstacle taken into account 
for the work is a regular hexagon in which all sides and all 
internal angles are of equal measure.  
The mobile robot can start from any edge of the considered 
regular polygon in the indoor environment, where avoidance 
method by tracing applied. 

 
 

Fig.1 Basic Geometrical Shapes 
Without any prior knowledge about the obstacle where the 
mobile robot executes obstacle shape tracing and avoidance 
accordingly, rudiment considered is count of vertices and 
relative edges in a polygon. The obstacle in the path that 
deviate the robot from its original path traced such that the 
realignment of robot as well as it is in the original after tracing 
the obstacle. In indoor environment where the mobile robot 
maneuver, the basic obstacle falls under the classification of 
geometry shown in fig.1. An increase in number of edges in 
the shape of the polygon, relative no of vertices changes and 
maximum number of edges leads to complete circle 
conditionally. Any of such classified shape considered and 
tracing procedure mention in steps. 
________________________________________________ 
Obstacle tracing and avoidance mechanism 
________________________________________________ 
1. initial  
Set vertex count Φ = 0 and set maximum count threshold Φth 

Set the dimension of the mobile robot as Ŕ X Ŕ 
input:  for ‘n+m’ fused sensors along with middle sensor   

Si ∈ {sl1, sl2…. sln, s0, sr1, sr2…. srm} 
output:  distance from the detected obstacle 

Do ∈ {dl1, dl2... dln, d0, dr1, dr2…. drum} 
2. di: first detected sensor label 
  if (di > dthreshold) then move till obstacle is detected  
  else      step3 
3. while (di < dthreshold)  

then left: left trace for si ∈ {, sr1, sr2…. srm}, Flag_left=1 
       tright: Right trace for si ∈ {sl1, sl2…. sln}, Flag_right=1 
      tright: Default right trace for si → s0, Flag_right=1 
4. on every trace of vertex in set Ʋobj,  

Φ = Φ +1  
move robot by distance Ŕmin > Ŕ  

5. fusion with the neighbor sensor 
 left trace: if (dri+1 > di) move forward and go to step4  
    right trace: if (dli+1 > di) move forward and go to step4   
6. while (Φ == Φth) step2 
7. set vertex count Φ = 0, Flag_left=0, Flag_right=0 
8. stop 
_______________________________________________ 
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The mobile robot developed with set of sensor elements 
partitioned equally on to the left and right side from the 
reference sensor s0 as shown in Figure2. The driving wheels 
equipped with controlled drivers based on pulse modulation 
along with a free running wheel.  
 

 
Fig.2 Sensor array Alignment 

Correlation among the continuous data from the individual 
sensors as well as from the neighbor sensor adopted in the 
process of method defined. As an illustration, in Fig.3, 
consider specific shape of the obstacle viz. pentagon and 
hexagon in indoor environment. Upon detection of object by 
the sensor s0 or left array sensors, mobile robot halts at point 
‘H’ or ‘P’ as in Fig.3 and turns right such that the forward axis 
of the robot in-line with vector HH’. The alignment 

practically achieved by comparing the one of the left sensors 
with its neighbor that detected the obstacle in the first 
instance. The mobile robot at point ‘H’ or ‘P’ after 
completion of rotation, proposed method ensures alignment 
to the vertex by continuous iteration of left sensor ‘sln’ to the 

threshold distance. Evaluation of the deviation angle of the 
robot compared with the next vertex to be traced shown with 
reference to the Fig.3.   

            
(a)                                                       (b) 

Fig.3 Polygon Obstacle Avoidance Mechanism  
The angle that turned by robot so that its forward axis 

parallel to the edge of the obstacle not measured on mobile 
robot platform but assessed based on the left sensor distance. 
Left sensor ‘sln’ measures distance ‘dln’ greater than the 
threshold indicates the crossing of the vertex, in this case 
point ‘B’ in Fig.3. Once left sensor ‘sln’ maintains threshold 
distance ‘A’H’, obstacle detection distance, the robot starts its 
maneuver along the vector HH’ by a distance ‘R’, the 

dimension of the robot. This move by mobile robot make safe 
from the collision of the object. After this move, mobile robot 

turns by deviation angle ∠ BHH’ from point ‘H’’ or ‘N’ in 

Fig.3 clinch the axis of the mobile robot parallel to the next 
edge of the obstacle. Robot traces and uphold along the vector 
‘H’L’, parallel to the obstacle as long as the left sensor ‘sln’ 
distance ‘dln’ maintained constant. Sensor data does not 

preserve this constant distance asserts next vertex point of the 
obstacle, in this case ‘c’ in Fig.3.  This process of robot 
turning and alignment repeated until the maximum vertex 
count reached.  

B.  System architecture 

As a part of realization of the proposed method, we have 
developed a system that interface sensor array elements and 
stepper motor along with their supportive drivers. Ultrasonic 
sensor used for obstacle detection and tracing due to its low 
cost, high ranging capability and accuracy about 3mm. Sensor 
operating frequency 40 KHz interfaced with 100MHz 
operated FPGA control unit by development of counter 
control module to maintain synchronization among 
heterogeneous elements in frequency point of view. 
Moreover, the beam angle of sensor is about 30 degrees 
basing on which minimum angular spacing between sensors 
selected to avoid detection of object by multiple sensors in the 
array. Operating voltage +5V of sensor induces a maximum 
operating current little less than 15mA proved by regulated on 
board power supply. Further, the sensor controlled by a 
module to measure distance of 2cm to 80cm practically out of 
maximum distance measurement, 2cm to 450cm. 

Sensor 
Module

1

Sensor 
Module
M+N+1

PWM 
Generator_
LeftMotor

PWM 
Generator_
RightMotor

Direction_L

Direction_R

Control
Logic 
Block

Motor 
Driver

Motor 
Driver

 
Fig.4 Components of avoidance System  

On the other hand, motor speed and direction controlled 
based on processing of the fused data collected from the 
sensor array from either left or right side.  During the forward 
manoeuvre of the robot, both drivers enabled by sending 
PWM (Pulse Width Modulation) pulses ranging from 500Hz 
to 10 KHz. For this work, a pulse of 5 KHz generated and 
supplied to the stepper motor driver modules.  

III. IMPLEMENTATION 

A. State Diagram      

IDLE

Initial 
Forward

Obstacle 
Detect

Turn_90_1

Turn_90_2

Obstacle 
Follower

Safe Move

Turn 60_1

Turn 60_2

STOP

Logic1

Logic0

Logic0/1

 
Fig.5. Fine State Machine 

The initial state, IDLE state, a default state where mobile 
robot control unit do not drive the motor by disabling the 
pulse generation.  
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Unless, the START signal detected by the state machine, robot 
remains in the IDLE state with the same condition. For an 
enable START signal, state machine in initial forward state, 
robot ploy forward by PWM generation for two driving 
motors. For a fixed threshold distance of 20 cm from the 
obstacle to the robot detected by sensor element, robot make a 
turn based on the proposed method. For a distance greater 
than threshold distance, 20 cm, mobile robot moves forward 
until it reaches a point of 20 cm from the obstacle. The left 
corner sensors or reference front sensor (s0) or the right 
corner sensor considered in executing this case. In 
obstacle-detect state the robot looks for alignment with 
respect to the configuration of the obstacle. The left sensor (∈ 

sln) or the right sensor (∈ srm) used to keep track of the obstacle 
until the sensor finds the edge of the obstacle. Until these 
sensors detect the edge of the obstacle, state machine executes 
pulse generation to take a rotation. The alignment state Turn 
90_1, the decision of alignment from either the left or the right 
side is decided. Two 1-bit registers FLAG registers defined to 
differentiate the left based trace or right based trace of the 
object. These FLAG registers assigned with predefined 
values, either one or zero. If the register holds 1, it indicates a 
turn, else, the indication is a right turn. For a right turn, the 
distance of the obstacle captured by the left sensor set (s1n) 
stored in present register. At the same clock cycle for a 
change in the value of sensor-measured distance, the present 
value reserve to a previous register and the present value 
updated accordingly. The same process followed for the left 
turn also and sensor data captured at every iteration with 
reference to the clock edge. As in Fig.5, control unit 
programmed such that it continuously compares relative 
distance on every system clock. The deviation of the distance 
value from the object to robot estimated based on this relative 
distance indicates whether robot aligned to the polygon edge. 
Before the alignment, the robot enables motor control to turn 
either to left or right basing on the flag register value and 
uphold the control signals until the updated distance exceeds 
previous distance. The validation of this control logic 
described in the result section and mobile robot continue in 
the method defined. As long as the distance from the obstacle 
as captured by the left or right sensor managed constant, robot 
continue in forward condition. A count value, safe count, 
initiated wherein it measures the clock cycles taken to 
manoeuvre along the edge of the obstacle helpful to robot in 
retaining original path of navigation. Associated sensor 
distance measured from left or right side set of sensors 
unbroken until adjoining vertex crossed by robot. Immediate 
turn by mobile robot after traverse parallel to vertex, pose 
danger of collision to the obstacle. This collision evasion 
compassed by making robot runs through an additional 
distance proportional to the robot maximum dimension. This 
prevents the collision from the obstacle and decreases the 
margin for errors. In the same state of action, robot crossed 
the vertex maintains vertex count to hark back to original 
path. The mobile robot springs from phase of detecting 
obstacle to move phase repetitively followed until the 
complete trace of the obstacle is finished as roll back to the 
original path.  The comprehensive stages mentioned in the 
fig.6, first stage is the one where safe move of the robot 
executed followed by angular move by robot to align with the 

edge of obstacle. In the process, mobile robot always 
ascertained safe move as well as collision avoidance while 
testing by making use of set of five ultrasonic modules.   

OBSTACLE OBSTACLE

Detected Point

Robot Turning point

Angle to be 

turned by 

robot to align 

with object

Distance Moved 

by robot to avoid collision

30

(a) (b)

 

OBSTACLE

Edge Following 

end point

OBSTACLE

(c) (d)  
Fig.6: phases in object shape tracing: 

 a. safe move stage b. Edge alignment phase c. post edge 
alignment phase d. move phase 

B. RTL Design 

Module distance measure associated with the ultrasonic 
sensors to estimate the distance from the obstacle at every 
iteration of echo sensing set as core module for 
implementation. 

 
Fig.7. Implementation: RTL Design  

Speed of the motor modules driven through 
VARIABLE_NEMA_SPEED that generates continuous 
controlled PWM signal for left and right stepper motors 
individually. The proposed method of obstacle tracing and 
avoidance incorporated with the above module. The required 
control signal for synchronizing and driving sensor and motor 
modules provided through this module. System clock (CLK), 
reset (rst) and start are common inputs for all the modules set 
by top module. To produce different PWM signals that effect 
the stepper speeds generated form the proposed logic through 
switch signal for both the stepper motor modules 
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IV. SIMULATION RESULTS 

 

 

Figure 8. Simulation results  
In sequence from the Figure8, for clock signal HIGH (logic 
1), the START signal is HIGH (logic 1) and the value of sm 
(front sensor) is less than 20cm, hence the state transition 
changes from state 0 (Idle state) to state 1 (Initial Forward 
state). In the initial forward state, the robot travels forward to 
a fixed distance from the robot. For a left distance less than 23 
cm, the state changes from state 2 to state 3 i.e. Obstacle 
detect state. It remains in state3 until the edge of the obstacle 
detected. After detection takes place, the state changes to state 
4 (Turn 90_1 state). State transition takes place between state 
3 and state 4 until the alignment of the robot is parallel to the 
edge of the polygonal obstacle. After the alignment, the state 
changes to state 5 (Follower state). After the robot crosses the 
edge of the obstacle, the constant distance from the obstacle 
and the robot violated, hence the state transition takes place to 
state6 (Safe state). 

The state continues in state6 until the SAFE_COUNT 
register counts the edge dimension in terms of clock cycles of 
the robot control unit. Once the SAFE_COUNT is reset, the 
state transition happens and the state changes to state7 (Turn 
60_1) and subsequently to TURN_60_2 state. This process 
continues until the corner counter COUNT increments to 
maximum vertex count. Once counter reaches maximum 
vertex count, the SAFE_COUNT decrements and the flow 
terminated as mobile robot is in its original path.  

V. CONCLUSION 

The work laser focused on obstacle tracing and avoidance 
based on the sensor array data while robot is navigating in the 
indoor environment. Such method implementation works well 
for regular structured environment like hospitals, old age 
homes and local environments. Upon aware of the path, by 
robot, obstacle tracing and avoidance mechanism applied 
over obstacle that fall under polygon shapes. The motor 
controlled by defining relation among the continuous data 
from the sensor array and the driving unit of these motors. The 
work can be further give the scope for the dynamic obstacle in 
the path and irregular shapes that need relativity with polygon 
shapes.  

REFERENCES 

1. Atsushi Fujimori, Peter N. Nikiforuk, Madan M. Gupta, Adaptive 
Navigation of Mobile Robots with Obstacle Avoidance - Robotics and 
Automation, IEEE Transactions on Robotics and Automation 1997 pp. 
596-602. 

2. Zahra Y. Ibrahim, Abdulmutallab T. Rashid, Ali F. Mahroon, An 
algorithm for Path planning with polygon, Iraq Journal Electrical and 
Electronics Engineering. Vol 12. No. 2, 2016 pp. 221-234. 

3. Malwah Almasri, Khaled Elleithee, Abrar Aliajlan, Sensor Fusion based 
model for Collision Free Mobile robot navigation, Sensors 2016, pp. 
1-24 

4.   Man Lok Fung, Michael Z. Q. Chen, Yong Hua Chen, Sensor Fusion: A 
Review of Methods and Applications,  29th Chinese Control And 
Decision Conference (CCDC) pp. 3853-3860. , 2017 

5.   T.C.H. Heng ,Y. Kuno, Active sensor fusion for collision avoidance in 
Proceedings of the 1997 IEEE/RSJ International Conference on 
Intelligent Robot and Systems. Innovative Robotics for Real-World 
Applications. IROS 1997. 

6.   H. B. Mitchell, Multi-sensor data fusion: An introduction Springer, 
2007. 

7.   H. Durrant-Whyte and T. C. Henderson, "Multi-sensor data fusion," in 
Springer Handbook of Robotics, B. Siciliano and O. Khatib, Springer 
International Publishing, pp. 867-896, 2016. 

8.    Jingwen Tian ,Meijuan Gao, Erhong Lu,  Dynamic Collision 
Avoidance Path Planning for Mobile Robot Based on Multi-sensor 
Data Fusion by Support Vector Machine International Conference on 
Mechatronics and Automation 2007, Harbin, China. 

AUTHORS PROFILE 

 Kishore Vennela pusrsuing his Ph.D from KL 
University, vijayawada , Andhrapradesh , India. He is 
working in the field of VLSI and Robotics and 
associated with DST funded project on service robotics. 
His contributions mainly focus on autonomous robotics 
specifically service robots for indoor applications. He 

has publications in the stream of VLSI based robotics and his field of interest 
is robotics and  sensor networks. Currently he is working with team that 
focus on the human assisting robots in the indoor locations.   

 
  
Rishi Malladi is pursuing his Bachelor of Technology in 
Electronics and Communication Engineering at B. V Raju 
Institute of Technology, Narasapur, Telangana, India. He 
is part of a research group called VLSI Automation lab 

that works in various applications in the field of mobile robots, service 
robots and many other applications. He is well-versed with Verilog HDL and 
has also completed a short-term certification course in Digital VLSI System 
Design by C-DAC (Centre for Development in Advanced Computing).  He 
actively participated in various national contests and commended for the 
same. His interests are mathematics, robotics, VLSI and Internet of Things.  
 
 
 
 
 
 
 
 

https://ieeexplore.ieee.org/xpl/conhome/7961861/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7961861/proceeding
https://ieeexplore.ieee.org/author/37608118200
https://ieeexplore.ieee.org/author/37274198500
https://ieeexplore.ieee.org/xpl/conhome/5229/proceeding
https://ieeexplore.ieee.org/xpl/conhome/5229/proceeding
https://ieeexplore.ieee.org/xpl/conhome/5229/proceeding
https://ieeexplore.ieee.org/author/37290884900
https://ieeexplore.ieee.org/author/37289044200
https://ieeexplore.ieee.org/author/37289044200
https://ieeexplore.ieee.org/xpl/conhome/4303487/proceeding
https://ieeexplore.ieee.org/xpl/conhome/4303487/proceeding


 
Sensor Fusion based Polygon shaped Obstacle Avoidance using FPGA 

 

11614 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: D8962118419/2019©BEIESP 
DOI:10.35940/ijrte.D8962.118419 
Journal Website: www.ijrte.org 
 

Author-3 
Photo 

 
 

Author-3 
Photo 

 
 

M Vamsi is pursuing his Bachelor of Technology in 
Electronics and Communication Engineering at B. V 
Raju Institute of Technology, Narsapur, Telangana, 
India. He is a part of a research group named VLSI 
Automation Lab that works on many applications like 

navigation robots, service robots, Obstacle Avoidance, 
etc.  He is well-versed with Verilog HDL and has also completed a short-term 
certification course in Digital VLSI System Design by C-DAC (Centre for 
Development in Advanced Computing). He is a coding enthusiast and a 
commendable programmer. He is an active participant in various national 
contests. His interests are programming, gaming and problem solving.  
 

 
M Sowjanyasree is pursuing her Bachelor of 
Technology in Electronics and Communication 
Engineering at B. V Raju Institute of Technology, 
Narasapur, Telangana, India. She is part of a research 

group called VLSI Automation lab that works in various 
applications in the field of mobile robots, service robots and many other 
applications. She is well-versed with Verilog HDL and has also completed a 
short-term certification course in Digital VLSI System Design by C-DAC 
(Centre for Development in Advanced Computing). She actively 
participated in various national contests and received accolades for the same. 
Her interested fields are IoT, MEMS and VLSI.  
 
 
 


