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where T1 is a user-defined threshold. Thus, the optical flow
equation for the small motion at each pixel is given by:

uEx + vEy + Et = 0 (3)

It is not possible to explicitly compute v = (u, v). However,
the component of v parallel to ∇.E = (Ex, Ey) is given by:

V⊥ = Et/
√
E2

x + E2
y (4)

and the pixels for which |V⊥| > T2 are labeled as “mov-
ing" pixels, where T2 is a user-defined threshold. Then, we
obtain the differential invariants by substituting Equation 1
into Equation 3 for the points labeled as “moving" and
carrying out a global least square fit for the parameters
u0, v0, ux, vx, uy, vy . Finally, using the global least square
fit parameters, we compute the differential invariants and the
time to collision according to Equations 1 and 2.

To increase the throughput and make the computations real-
time, we use parallel processing. To be able to do so, we
implemented the vision algorithms on a network of transputers
since these devices provide a flexible, software reconfigurable
parallel processing environment. Each of these transputers are
equipped with bi-directional links that are fully integrated
with the concurrency model, such that they facilitate com-
munication between several vision algorithms. Moreover, our
implementation can be easily ported on any reconfigurable
parallel processing that supports high communication band-
width or on a fast single processor that allows multi-processing
and inter-process communication. We have also designed and
implemented general purpose pipeline protocols and developed
our parallel vision softwares using these.

We discuss two of the experiments that we carried out for
verifying our theory and algorithms. In Figure 2, a book is
moved towards the camera from a distance of about 55cm to
25cm at an approximate speed of 25 cms per second. The
figure shows the normal image flow and the first order global
velocity. The Figure 3, shows the graphs of the differential in-
variants and the estimated time-to-collision plotted against the
frame number of sequence. Figure 4 shows the residual error of
the least square fit for the same sequence. In this sequence, the
predominant motion is along the viewing direction, however,
the rotational component is present in a few frames because of
the shake of the hand as it moves the book close to the camera.
In general, the rotational and translational components of the
velocity are uncorrelated in the different frames. While the curl
component of the optic flow is effected only by the rotation
of the object along the viewing direction, and the translation
parallel to the image plane, the deformation component is only
because of the translational motion parallel to the image plane.
The divergence has two components, one due to the translation
along the view direction and this is inversely proportional to
the time-to-collision and the other component is completely
because if the deformation of the image velocity field. We see
that the divergence increases as the number of frames increase
and the time-to-collision decreases accordingly. Figures 5, 6
and 7, we show similar results for a sequence in which a hand
moves towards the camera.

Fig. 2. The various frames, their image flows and their first order fits are
shown in these images for the sequence in which a book is moved close to
the camera.

Fig. 3. For the above book sequence, the graphs show the differential
invariants (sec⊥1) and time-to-contact (sec) with respect to the frame numbers.
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Fig. 4. The graph shows the residual error of the least square fit for the
book sequence.

Fig. 5. The images are the various frames, their image flows and their first
order fits for the sequence in which a person moves his hand close to the
camera.

III. REAL-TIME ROBOT NAVIGATION USING KINECT

Kinect sensor is a commercially available sensor that gen-
erates the depth map of a scene in real-time. We develop a
robot navigation algorithm using this depth map sensor along
with an RGB camera. The first step for robot navigation,
as discussed earlier, is learning the 3D environment. If the
internal parameters of the sensors are known, then by using
the depth map, we can obtain the 3D information of each pixel.

A point in the image plane, ω, defines a line in the 3D
space that passes through ω and the camera center. The
corresponding 3D point lies on this line at Zdepth, which we
calculate from the raw depths that the depth map provides us

Fig. 6. For the hand sequence, these graphs show the differential invariants
(sec⊥1) and time-to-contact (sec) with respect to the frame numbers.

Fig. 7. The graph shows the residual error of the least square fit for the
hand sequence.

using the equation

Zdepth = 1/(rawdepth ∗A+B) (5)

where

A = −0.0030711016 and B = 3.3309495161

These constants were found experimentally as claimed by [11].
Once the depths are known, we need to find the planes in

3D. To do so, we first divide the depth map into uniform sized
cells and consider each cell at a time as shown in Figure 8.
For all the pixels in each cell, we find their 3D points in space
and using these, we find the plane that best fits these points.



39

Fig. 8. Depth Map visualized in color gradient and divided into Cells of
uniform dimension.

Each of these 3D points should satisfy the equation of the
plane given by

ax+ by + cz + 1 = 0 (6)

where, a, b and c are the unknown variables. For m×n points
in a cell, this forms an equation of the form AX = B, which
can be easily solved to find the points that best fit the plane.
In this manner, we discover the planes in the scene.

Fig. 9. Plane and its Normals.

Once the planes are discovered, we need to know the
normals to these planes (see Figure 9) and the Euler angles
(see Figure 10)corresponding to the X and Y axes (elevation
and tilt). These two angles are required to identify whether a
plane is vertical or horizontal. In general, we always obtain
the normal of the plane pointing towards the optical center of
the camera.

Next, we extract the largest plane in the scene using an
array, called the accumulator. It detects the presence of various
planes and from it we extract the top five or the largest planes
in the scene. We find the orientation of these planes since we
are interested in large vertical planes only. These steps are
necessary as the robot should be able to distinguish between

Fig. 10. Extraction of Euler angles.

the planes that are in front of it and those that are parallel to
it. We treat a plane that has Euler angles corresponding to the
Y axis in the range [−45◦,+45◦] as front facing planes. The
idea is to align the robot with respect to the largest vertical
plane in the scene. Based on whether this plane is front facing
or parallel to the robot, we align it to one of the axes: +ve X
or -ve X or +ve Z. Figure 11 shows the image of an indoor
scene while Figure 12 shows its normal image with cell size
of 10× 10.

Fig. 11. RGB image of a sample scene.

Fig. 12. Normal image with cell size 10× 10.

Once the planes in the scene are detected and the robot is
correctly aligned, we need to detect the obstacles and plan
the path of the robot. The Kinect sensor is claimed to have a
range of 1.2 to 3.5 meters (3.9 to 11 feet). However, the upper
limit that we could work with robustly, was 2.0 meters only.
The lower limit is 0.8 meters away from the sensor. Although
the sensor can tilt, our algorithm requires that the sensor be in
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a fixed position and is assumed to be looking parallel to the
ground plane. This is shown pictorially in Figure 13.

Fig. 13. The field of view of the Kinect sensor.

In our case, the Kinect sensor is at a level of 0.35 meters
above ground level. It treats objects as obstacles only if the
object has height above a certain threshold, otherwise it fails to
detect them. To detect obstacles, we first consider the ground
plane in front of the sensor and divide it into very small cells
such as 2.5 cm × 2.5 cm (see Figure 14). The two important
steps that we consider for obstacle detection are:

1) Back projection: this involves projecting a ray from
a point in the ground plane towards the camera center
and finding the intersection point with the image plane
of depth map.

2) 3D point Extraction: this involves extracting the actual
3d point in space for the point of intersection extracted
in the first step.

Fig. 14. The ground plane is divided uniformly into cells of required
dimension.

The above two steps are indicated as arrows and are
numbered in the Figure 14.

To find whether there exists an obstacle or not, we consider
a cell’s center and call it X . We backproject the ray from X to
the depth map and get the point x on the image plane. Now,
using x we compute the corresponding 3D point, X̂ , using
the camera matrix. If X and X̂ are the same points, it implies
that the cell is free. However, if X and X̂ are different points,
then X̂ lies on the line joining X and x. X being a point
on the ground plane, if X and X̂ are different points on the
same line, then X̂ cannot be a point on the ground plane. This
implies that X̂ lies on an obstacle. In this case, we assume X
to be an obstacle also. Therefore, in this manner, we compute
for each cell on the ground plane whether it is a free cell or

hosts an obstacle. Figures 15 and 16 show a summary of the
above obstacle detection discussion.

Fig. 15. This figure shows a cell visible to the camera.

Fig. 16. This figure shows a cell that is obstructed by an obstacle.

Figure 17 shows the RGB image of the sample scene for
which the free space has to be determined. The sensor range
as mentioned in the Figure 13 is the actual range of the sensor
for which obstacle detection is performed. So the robot can
only detect the obstacles in this range. Figure 18 shows the
path in front of the robot without any obstacles. The blue area
in Figure 18 means it is unknown i.e the device does not have
any data for that region. Figure 19 shows the RGB image of
a scene with an obstacle in front. Figure 20 shows the path
for this scene. The red area indicates an obstacle.

Fig. 17. RGB image of the a sample scene.
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Fig. 18. Path obtained in front of the camera.

Fig. 19. RGB image of the sample scene with obstacle.

Fig. 20. Path obtained in front of the camera detecting the obstacle.

Finally, based on the obstacles discovered, we need to plan
the path of the robot. We extract the best possible path using
Lee’s algorithm [12], which is a flood-fill like operation. We
consider a 2D array in which each array element represents
a cell on the ground plane. The algorithm then proceeds in
four stages: initialization, wave propagation, back trace and
clearance. Initialization considers the starting point, which we
choose as the cells closest to the camera. We choose the cell
at the farthest distance as the destination and do not consider
neighbors of a cell hosting an obstacle in our path planning
algorithm. The root from the starting point to the destination is
extracted by back tracking. This algorithm guarantees to find
the path, unless the scene is completely blocked by an obstacle.
The possible root is then packed in a stack and the robot
visits each cell in the stack in order to avoid the obstacles.

Figures 21, 22, 23 and 24 show the results.

Fig. 21. Simulating Lee’s algorithm on the path.

Fig. 22. Path obtained in front of the camera for the scene showed in
Figure 17.

Fig. 23. Path obtained in front of the camera for the scene showed in
Figure 19.

IV. CONCLUSION

In this article, we have discussed our research endeavors in
the area of vision based robot navigation. With the advent of
new sensors and superior computing power, it is possible to
develop and implement algorithms in real-time, even though
they require larger computing power. The first algorithm that
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Fig. 24. This figure shows the path obtained while avoiding the obstacle.
The green path shows the area the robot occupies when it moves along the
obtained path.

we discussed for obstacle detection was purely based on image
features and optical flow. The second algorithm is based on the
Kinect sensor, which is a depth sensor. It gives us the ability
to find the 3D depth of points in the camera’s view, making
it possible to use 3D information for obstacle detection. This
makes it easier for path planning, specially in the case of static
obstacles. The algorithm also detects planes in the scene and
gives the robot the ability to correctly align itself with respect
to these planes.

Autonomous robot navigation finds a large area of appli-
cation, especially in defence surveillance and disaster man-
agement. It is necessary to develop and implement robust
algorithms so that the society can leverage on these robots
for a safer and a more secure environment. A large area of
application is also developing robots as personal assistants,
especially for the elderly and people with special needs. Our
research is on-going in this area and we are looking into multi-
sensor fusion based robust algorithms for wider applications.
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Effective Education in Robotics 

In the last decade, there has been a multi-fold increase in engineering institutions in India that have given rise to 
enhanced student enrolments. There are about 550,000 engineering students graduating every year from nearly 3500 
colleges. In almost all colleges, robotics is either taught as a core or an elective subject. It has been observed that most 
of them go through the descriptive part of a robotics course, for example, what is a robot, application of robots, etc. 
However, the important aspects of robotics like kinematic analysis, dynamics, control, etc. are missed out. At IIT Delhi, 
the following approaches are undertaken for the education of robotics, which appear to be fruitful. 

1. RoCK-BEE or Robotic Competition Based Education in Engineering 
Since the word “robot” attracts the young minds, its design, fabrication, programming, testing, etc. can be undertaken 
by a set of student to make their robots perform certain tasks as per the rules of a game as specified by the organizer of 
a competition. This way the students will be exposed to a variety of topics in robotics and will force them to assimilate 
the knowledge to successfully develop a robot, which is actually an objective of technical education. In last ten years of 
experience at IIT Delhi, it was found that every year 20-30 students who take part in such robotic competitions come 
out with some standard modules that can be used in the following year. Hence, the students find the subject more 
enriching, and the students are industry-ready. For more details, visit http://roboticsclub.iitd.ac.in

2. RoboAnalyzer: A Learning Software for Robotics 
To make the understanding of robot easier, a software was developed at IIT Delhi. It demonstrates the physics of a 
robot without going through the intricacies of the mathematics of robotics. For example, if the length of a robot arm is 
increased what will happen to its workspace, etc. Such things can be easily demonstrated using the software 
RoboAnalyzer. For more details, visit http://www.roboanalyzer.com
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Abstract— Robotics has been a challenging subject for teachers to 
teach and for students to learn. One of the important aspects that 
make it difficult is the limited ability to perceive and visualize the 
concepts appropriately at the time of teaching. Most of the 
industrial robots are described geometrically by their Denavit-
Hartenberg (DH) parameters, which are also difficult to perceive 
for students. Students will find the subject easier to learn if they 
are able to visualize in 3 dimensions. Tools that aid its learning 
have been developed by universities across the world. Here we 
propose RoboAnalyzer, a 3D model based software that can be 
used to teach robotics subjects to undergraduate and 
postgraduate courses in engineering colleges in India and 
elsewhere. In the present implementation, it can be used to learn 
DH parameters, Forward Kinematics (FKin) of serial robots with 
revolute and prismatic joints and allows 3D animation and graph 
plots as output. Inverse Kinematics (IKin), Forward Dynamics 
(FDyn) and Inverse Dynamics (IDyn) modules are also being 
developed. RoboAnalyzer can be downloaded for free from    
http://www.roboanalyzer.com and can be used almost instantly. 

I. INTRODUCTION 
Robotics is a field related to the design, development, 

control and application of robots in industry, education, 
research, entertainment, medical applications etc. It has been 
progressing at a faster rate and hence it finds its place in the 
curriculum of the universities and is in great demand.  

Robotics course for mechanical engineering streams 
usually includes the theory of the design and working of a 
robot in the form of drawings, pictures of robots and practical 
robots in action. Though the first two are easier to achieve by 
many universities, the last can be achieved by a very few 
which have access to industrial robots. Without seeing a real 
robot it is very difficult to comprehend its motion in, three-
dimensional Cartesian space. Hence, there exists a great 
demand for teaching aids that help students to visualize a 
robots movement in the form of 3D animations.  

Various free and inexpensive robotics visualization tools 
have been developed over the time as reported in [1]. Also are 
available proprietary commercial software such as ADAMS, 
RecurDyn, DADS, SIMPACK etc. that can perform FKin, 
FDyn for both open-loop manipulators and closed-loop 
mechanisms. However, these require first the solid modeling of 
different bodies of the robot before they are analyzed and 
animated. The aspect of modeling takes away significant time 
during a robotics course leaving little time for learning 
robotics, e.g., FKin or IKin, etc. This is called “Concept to 
Model” approach as illustrated in Figure 1(a). Alternatively, if 
a student can skip the modeling part by choosing from default 
robot examples or generate a robot model by choosing certain 
parameters and perform its analysis, the student can visualize 
and learn the concepts in a more effective way. This approach 
is termed as “Model to Concept” as shown in Figure 1(b). 

Similar approach is also followed in the robotics learning 
software found in the literature.  

II. ROBOANALYZER 
RoboAnalyzer, our proposed robotics learning software is 

a Microsoft Windows desktop application developed using 
Visual C# and OpenGL using Tao Framework as wrapper. 
The following features are considered for its development: 
a) It should be easy to use. 
b) It should follow “Model to Concept” approach where a 
model is used to learn the concept, thus helping the students to 
visualize and learn robotics concepts fast. This way, physics of 
the robotics will be learnt without going to its mathematics in 
detail and making the study of robotics more fun and hence 
attract more and more students to opt for this subject which is 
essential for technologically demanding industry applications 
based on robotic automation. 
c) It should take Denavit-Hartenberg (DH) parameters [2] as 
input as it is a standard way of representing a robot 
architecture. d) It should have the capabilities of animation 
and plotting graph of analyses results.  
e) It should have least dependencies on other software and 
should be easily distributable to end users.  
f) The program should be modular such that addition of 
further modules such as IKin, FDyn, IDyn, trajectory planning 
etc. can be done easily. 	
  

A. Workflow 
In its present implementation (Figure 2), RoboAnalyzer 

takes DH parameters of a serial robot (manipulator) with 
revolute and prismatic joints as input. It then generates a 3D 
model of the robot as per the DH parameters. Detailed 
definition of DH parameters can be found in [3]. The 3D 
viewing window has zoom, pan and tilt capabilities using 
which 3D model can be viewed from various angles.  

Figure 1: Approaches to Learn Robotics Software 
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Simulation parameters can be set and forward kinematics 
(FKin) analysis can be performed. The results can then be 
viewed in the form of animation of all the links and the trace of 
end-effector position. The plots of the end-effector positions 
and the joint variables can also be drawn.  

B. Generation of 3D Model 
RoboAnalyzer, at present lets a user select robots with one, 

two and three degrees-of-freedom (DOF) and some standard 
robots such as Puma, Stanford and KUKA KR5. Upon 
selection it populates default values of DH parameters and a 
corresponding generic 3D model with cylinders and cubes, as 
shown in Figure 3, for a PPR robot meaning the robot with 
Prismatic (P) – Prismatic (P) – Revolute (R) joints. The DH 
parameters can be changed and the 3D model updates itself, 
thus helping the student to visualize the robot’s configuration 
for different set of parameters. In the present implementation, 
robots are limited to only cylindrical and cubical shapes and 
more realistic shapes of the links will be added in future. 

C. Robot Animation and Graph Plot 
RoboAnalyzer has a playback deck using which forward 

kinematics simulation data can be used to animate all the links 
of the robot in 3D space between the initial and final value of 
joint variables. This will help the student to visualize the 

robot’s motion. The trace of the end-effector can also be 
drawn during animation to see the path it follows, as shown in 
Figure 4.   
        An open-source C# plot library named ZedGraph has been 
integrated with RoboAnalyzer to plot the graph of the end-
effector positions during the FKin simulation, as shown in 
Figure 5. The joint angles and their time rates that are input to 
the joints can also be plotted. The graph plot can be saved as an 
image and the data can be exported as comma separated values 
(CSV), that can be opened in any spreadsheet application, e.g., 

in MS-Excel, and can be used as an input file in some other 
software or program for further analysis or comparison. 

DH Parameters 
- Input to Software 
- Define robot’s DH parameters 

Generate 3D Model of Robot 
- 3D model corresponding to DH parameters 

D. Feedback and Future Scope 
The present version of the software is made available for 

free through a website, http://www.roboanalyzer.com. The 
feedbacks from about 30 students of robotics courses are 
summarized in Figure 6. 
RoboAnalyzer will be further developed to improve the 
existing features and add new features such as: 
       a) Trajectory planning. 
       b) Import 3D CAD model into the software. 
       c) Collision detection between the links of the robots. 

Figure 2: Workflow of RoboAnalyzer

- Change in DH updates the 3D model 

Forward Kinematics 
- Perform FKin for given end conditions of joint variables 
- Get transformation of each link in each step of simulation 

Animation 
- Transform each link in each            
   step of simulation 
- All links move simultaneously

Trace of End-effector

Figure 4: Animation and Trace of End-effector

Graph Plot 
- Plot joint values and  
  end-effector position 
- Export data as CSV

Figure 5: Plot of End-effector Position of PPR Robot

3D Model of Robot

DH Parameters 

Figure 3: 3D Model of PPR Robot
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Will it help teach and 
learn Robotics? 

Would you like us to add 
any additional features? 

Do you find it simple? 

Figure 6: Feedback of RoboAnalyzer

  
Subir K. Saha, a 1983 mechanical engineering 
graduate from the RE College (Now NIT), Durgapur, 
India, completed his M. Tech from IIT Kharagpur, 
India, and Ph. D from McGill University, Canada, 
with his Ph. D work on the dynamics of wheeled 
mobile robots (non-holonomic systems). He worked 
on space robot dynamics in the Toshiba’s R&D 
Center at Kawasaki. Since 1996, he is with the Dept. 
of Mech. Eng. at IIT Delhi. He has successfully 
converted many rural engineering problems into 

advanced research topics, as illustrated through his book on “Dynamics and 
Balancing of Multibody Systems” (Co-authored with H. Chaudhary and 
published by Springer, Germany in 2009). Besides, he has introduced the 
concept of Robotic Competition Knowledge Based Education in Engineering 
(RoCK-BEE) through his lecture series “Robotics[AT]?” and the book on 
“RoCK-BEE” (Co-authored with M. Chauhan and published by Pothi.com in 
2010) to shape up students’ technical and professional skills. 

Subir K. Saha, a 1983 mechanical engineering 
graduate from the RE College (Now NIT), Durgapur, 
India, completed his M. Tech from IIT Kharagpur, 
India, and Ph. D from McGill University, Canada, 
with his Ph. D work on the dynamics of wheeled 
mobile robots (non-holonomic systems). He worked 
on space robot dynamics in the Toshiba’s R&D 
Center at Kawasaki. Since 1996, he is with the Dept. 
of Mech. Eng. at IIT Delhi. He has successfully 
converted many rural engineering problems into 

advanced research topics, as illustrated through his book on “Dynamics and 
Balancing of Multibody Systems” (Co-authored with H. Chaudhary and 
published by Springer, Germany in 2009). Besides, he has introduced the 
concept of Robotic Competition Knowledge Based Education in Engineering 
(RoCK-BEE) through his lecture series “Robotics[AT]?” and the book on 
“RoCK-BEE” (Co-authored with M. Chauhan and published by Pothi.com in 
2010) to shape up students’ technical and professional skills. 

III. CONCLUSIONS 
A 3D model based software to learn robotics concepts is 

presented. It is developed using Visual C# and OpenGL that 
takes the description of a serial robot with revolute and 
prismatic joints using DH parameters as input. A student using 
this software can learn DH parameters and forward kinematics 
through “Model to Concept” approach, thus, bypassing the 
modeling of robot which is required in the commercial 
software. Based on the usage of the software and its feedback it 
is concluded that the software is a good tool to teach robotics to 
students who may find the associated mathematics difficult to 
comprehend. 
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Abstract— In the article, an annual student competition 
ROBOCON is introduced in which the students of IIT Delhi have 
been participating for a decade and gaining experiences of 
building hardware and software integrations. Later, some of 
them have taken B. Tech projects either in their third or fourth 
year to consolidate their engineering learnings in the classes 
either by analyzing their earlier designs of ROBOCON robots or 
creating knowledge-based software to help their juniors, 
therefore, appreciating the theories taught in the classes with 
those hardware built for the competitions. 

I. INTRODUCTION

ROBOCON, an abbreviation for ROBOtics CONtest in the 
Asia Pacific Region, is an interesting game-cum-intellectual 
exercise for budding engineers [1]. Every year since 2002 this 
event has been organised by the Asia Broadcasting Union 
(ABU) for the undergraduate students of its member countries. 
DOORDARSHAN being the member organization of ABU in 
India conducts this competition in India with the help of 
faculty from IITs and other established institutes. IIT Delhi 
students have been participating in ROBOCON for a decade 
now.  Their experiences and benefits are elaborated in this 
article.

II. ROBOCON COMPETITION

In this section, a typical ROBOCON competition, namely, for 
the year 2011 [2] is outlined. It all began in October 2010 
when the game plan for 2011 was out. The activities for the 
IIT Delhi students started immediately as the Indian 
competition is held in the first weekend of March. The 
winning team represents India in the ABU ROBOCON which 
is typically held in August of every year. Figure 1 shows the 
game field for the 2011 competition to be held in Thailand. 
Two teams, namely, with Blue and Red colours have to make 
several robots which are classified as (1) One manual robot; 
and (2) 2-3 automatic robots. Whereas the former can be 

controlled by a human operator to emphasize man-machine 
interactions, the latter focus on the system integration of 
mechanical, electrical, computer science, and IT aspects of 
engineering.  Figure 2 shows the robots made by IIT Delhi 
students. Typically, a team consists of 20-30 undergraduate 
students drawn from Mechanical Engineering, Electrical 
Engineering, Computer Science and Engineering, and other 
relevant departments. In the field, however, only three 
students are allowed. The competitions require about 5-6 
months’ preparations involving all aspects of engineering, e.g., 
idea generation, design of mechanical components and 
electrical circuits, programming, testing, debugging, etc. The 
systems have to be rugged and reliable as they have to 
compete against typically 50-60 teams from all around the 
country. If one becomes champion (IIT Delhi was champion 
in 2007 to represent India in Hanoi, Vietnam), the team has to 
compete against international teams from Japan, China and 
other countries.  

III. BEYOND ROBOCON COMPETITION

Even though the students every year are participating in 
ROBOCON competitions to gain experiences and exposures 
along with the fun of learning engineering subjects, one thing 
was missing, i.e., correlation of engineering subjects with the 
things the students do during manufacturing of the robots of 
ROBOCON. Most of the time they take adhoc decisions to 
complete the jobs for the competitions. Hence, two-fold steps 
were taken, namely,  

1. The use of the summer vacations to try out alternate 
solutions to the problems of ROBOCON competitions. 
For example, make a controller using a different 
microprocessor and test its performances compared to 
the one used in the previous years.  

2. Take up B. Tech Projects (BTP) to investigate the cause 
of failure of certain mechanical or electrical 
components based on the higher-level courses studied 
during 3rd or 4th year of their studies. Since BTPs are 
carried out in a relatively relaxed manner over a period 
of one year, the students can spend more time to do 
analysis and investigate, say, the cause of failure of a 
component during the competition. This way they are 
able to appreciate the theoretical courses in a more 
meaningful way. As a part of the BTPs, the students can 
also develop simple software to help the beginners 
design a component.  

Based on step 2 above, a software called Simple Robot 
Design (SiROD) was developed by two groups of BTP 
students (six in total) over last two years (2009-10 and 2010-
11). It has two modules, namely, to design a gripper to hold 
cylindrical, spherical, and cuboidal objects. The specifications  

Figure 1: Game field of ROBOCON 2011
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of the components are so selected that they are available in the 
market. A snapshot of the software is given in Fig. 3. The 
second module helps a user to decide at what acceleration a 
robot structure will topple for a given set of motors used in the 
robots. These software modules are now available to the 
students’ communities through http://www.roboconhelp.com.

IV. CONCLUSIONS 
With the participation of ROBOCON competitions, more 

practicality was brought in the engineering teachings than just 
in the lectures and books. Learning was not much fun earlier 
than working for ROBOCON. Mechanical students could 

implement all the physics they had learned and same way 
electrical students could run codes and see them in real life 
working. Some students commented after ROBOCON 2011 
competitions as “Though the ROBOCON 2011 was not a great 
success for team IIT Delhi, but it was a great learning 
experience. We learnt that team spirit matters a lot in the 
success of the team. One of the major mistakes we made was 
that we did not study the field properly before designing of the 
bots. This led to the poor designing of Auto-2 and its failure.” 
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