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ABSTRACT
This paper presents the results of the efforts made by the IIT Delhi
team for ABU Robocon 2016. The design and development of two
robots, namely Hybrid robot and Eco robot are discussed in detail us-
ing a subsystem approach. Finally, the implications of such robotic
projects on the learning experiences of students are addressed. De-
tailed steps are highlighted in order to assist a participating team
to successfully develop effective robots for similar competitions.
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1 INTRODUCTION
There have been previous studies that investigate problem based
and project based learning and its impact. Alternative learning
methods and environments like project-based learning are playing
an increasingly important role in shaping the students for their
future professional life [13]. This different kind of approach is
often seen as a pedagogical innovation, which integrates theory
and practice by means of problem solving of working life issues
[11]. Studies have shown many positive changes of this method,
like a study on integrated group-work, which is shown to lead
to improvement in the attitude towards working with others and
academic-performance of students [16]. This has in turn also led to
more maturity in students. For example, excellent results in teach-
ing basic electrical measurement at the fourth year of university
studies have been achieved by Eugène due to increased maturity of
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students [8]. One approach to implement such learning strategies
is to participate in robot competitions. Robot competitions bring
together researchers, students, and enthusiasts in the pursuit of
a technological challenge [5]. Rainwater maintains a list of major
robot competitions across the world [14].

Every year, since 2003, team of 20-25 undergraduate students
from IIT Delhi participate in the annually held Robocon competi-
tion organized by the national broadcaster Doordarshan, who is a
member of the Asian Broadcasting Union (ABU). Each year, a differ-
ent problem statement is posed by the hosting country and teams
prepare robots on their own to solve it. Eighty to ninety teams
from India participate to win the national title and represents India
in the International Robocon. With such a high number of teams
participating, the challenge of designing the winning robot requires
a functional design as well as high reliability within the restricted
budget frame. This provides an opportunity or poses a challenge
to interact with and learn from various industries involved in the
robotics and automation sector.

The theme of Robocon 2016 was ‘Chai-Yo: Clean Energy Recharg-
ing the World’ and the problem statement was to manufacture two
robots named as ‘Eco robot’ and ‘Hybrid robot’. Eco robot should
have only one actuator to steer itself and driving force of Eco robot
should be obtained indirectly from Hybrid robot. Eco robot should

Figure 1: Arena of Robocon 2016
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Figure 2: Holonomic drive chassis used in Robocon 2015

run through the arena (as shown in Figure 1) and reach Wind Tur-
bine Station where the Hybrid robot should pick up the propeller
and climb a pole to place the propeller on top. The robots must
follow a stringent set of rules regarding the dimensions, weight and
other aspects [4] . The total weight of both the robots combined
must be under 40 Kg. The Hybrid robot when fully extended should
fit in a cube of 1m and the minimum dimensions of the Eco robot
must be greater than a cube of 40 cm.

This paper focuses on the various subsystems of the two robots
discussing several new designs. It contains the chronological design
process that both mechanical and electrical teams followed to arrive
at a final subsystem design, followed by the integration of the
subsystems into a complete robot. The final section elaborates the
purpose of Robocon and similar competitions and lists out the
possible benefits that are gained from such events.

2 HYBRID ROBOT
According to the problem statement, the Hybrid robot is the one
that will provide the force to move the Eco robot. The task of Hybrid
robot was further subdivided into four parts, which were, drive
cum chassis designing, force lifting, propeller picking and pole
climbing. These different design components of the hybrid robot
are discussed below.

2.1 Drive Selection
The first step of making the robot was drive selection. The drive
had to be either differential or holonomic (as shown in Figure 2)
given the previous experience of the team in Robocon. Both had
various advantages as well as disadvantages. Many factors, includ-
ing cost, efficiency, traction, controllability were considered. As,
the holonomic drive has three wheels and three motors and the
differential has two driving wheels and two motors, the weight was
considerably less for differential drive. For climbing the pole, the

Figure 3: Belt and Gear Mounting for easy modification

Figure 4: Force calculation for final configuration

total weight had to be minimized. Hence, the differential drive was
selected.

2.1.1 Motor and Wheel Selection. The aim of the competition
was to complete the task in minimum time possible and so the
robots had to be fast. For calculating motor variables, various pa-
rameters including the weight of the robot, traction of the wheels
was required. After the CAD design was finalized, the weight of the
robot was calculated to be 20kg. The available wheels were used
to calculate the coefficient of friction, which came out to be 0.6.
These values of weight and friction, along with an expected time
for completion of the task were then used to calculate the required
power, which came out to be 75W. Once the power was calculated
the available motors were compared and finally a Maxon motor
(model number DCX35L [3]) having 80W power with planetary
gearhead (model number GPX42 [3]) having a gear reduction of
21:1 was selected.

2.1.2 Belt and Gear Coupling. To get maximum force transmis-
sion, the thrust providing device must be just behind Eco robot. In
order to achieve this, there was a requirement of a long arm. As
a result, the base of the robot had to be kept small to satisfy the
dimensional constraints on the total size of the robot. Instead of
inline coupling of wheels and motors, gear and belt couplings were
used to minimize size. One of the major problems was to maintain
appropriate tension in the belt. The solution to this problem was
to use a idler wheel, but using it increases the number of parts. A
simpler and efficient design (refer Figure 3) was developed which
reduced total numbers of parts. In the new design, bearing housing
was mounted on a plane that was perpendicular to line joining the
axis of two gears. By adjusting the bearing housing, appropriate
tension in the belt was maintained.

2.2 Force Mechanism
The problem statement required that the Hybrid robot should be
able to push the Eco robot with the help of a non-contact force from
the start to the end, as the Eco robot had no actuator for driving.
The Eco robot weighed 3 kg and the steepest slope it had to climb
was 10.3 degrees. Therefore, in order to overcome the gravity and
maneuver the path of hill (green inclined plane in Figure 1), at least
5kgf of thrust was required. For this, many non-contact forces were
studied out of which magnetic force and wind force based devices
were the top two choices that are discussed below.
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Figure 5: 3D Sail converted to 2D profile for manufacturing

2.2.1 Magnetic Force. Neodymium magnets are capable of de-
livering a large amount of force even after being small in size [6].
To develop a stable system that would push the Eco robot, various
configurations were tested. A 2D magnet modelling software, Finite
Element Method Magnetics (FEMM) [2], was used to calculate the
force and torque on the magnet placed on the Eco robot. A system
where three magnets were on the Hybrid robot’s arm and one mag-
net on Eco robot was designed. FEMM was used to calculate the
force (Figure 4) on the Eco robot. This system was practically tested
and validated. The results obtained were very close to the results
predicted by the software and the Eco robot successfully climbed
all the slopes. However, in order to mount three strong magnets,
the arm on the Hybrid robot became heavy.

2.2.2 Wind Force. By considering the weight of the Eco robot
to be 3 Kg, and the gravitational force on the Eco robot on the
inclination, the thrust required for its motion was 5 Kgf. So, a Dr.

Figure 6: Dr. Mad Thrust 12 blade Electric Ducted Fan (EDF)

Figure 7: Laser sensor mounting for height measurement

Mad Thrust 90mm EDF 2300 W, as shown in Figure 6, was selected
based on its thrust capacity.

Drawing inspiration from the sailing ships, our aim was to har-
ness maximum energy in an efficient manner from the EDF (Electric
Duct Fan). Upon analyzing the various sails that were used in the
sailing business, the options were narrowed down to the ’spinnaker’
[10] sails, which are used in the boat races to attain high speeds.
The next challenge was to identify the material of the cloth that
was going to be used. A lightweight material, which was imper-
meable to fluids, was needed. This would help in minimizing the
energy loss. Next challenge was to get the cloth in a bulging shape
which resembled the spinnaker sail. ‘Spinnaker’ by ProSail is a free
software available online which was used to convert a 3D sail to
2D profiles (Figure 5). These profiles were cut from a non-porous
fabric and stitched together to form the sail.

2.3 Slider Positioning System
The Hybrid robot, while driving the Eco robot up the hill, had to
continuously adjust the height of the fan applying the force. In
order to reduce the number of controls for the operator of the
robot, it was essential that the height adjustment should be done
automatically. For this, a distance laser sensor was attached to the
arm of the Hybrid robot, on which fan was mounted as shown in
Figure 7. This distance sensor was continuously monitoring the
height of the fan from the ground. As the Eco robot now climbed
the hill, the arm adjusted its height automatically. A PID controller
[12] was implemented and controller gains were adjusted in order
to achieve reliable performance.

2.4 Propeller Picking
Once the Eco robot reaches "wind turbine station", the Hybrid had
to pick the propeller and mount it on top of the pole. For this, the
arm was designed in such a manner that only one actuator was
needed for both the task. As this task was implemented manually,
the stand for propeller mounted on the Eco robot was such that
the error allowance in alignment was maximized. The propeller
scheme that was finally implemented is shown in Figure 14.
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Figure 8: Top view of pole climbing gripping mechanism

2.5 Pole Climbing
The final and the most challenging task of Robocon 2016 was pole
climbing. The task was that the Hybrid robot had to climb a 1.2
m high pole and place the propeller on top of the pole as fast as
possible. The Hybrid robot weighed around 20 kg and the force
required to pull such heavy load was huge.

2.5.1 Design and Calculation. Themechanism for pole climbing
includes two driving wheels, two pistons (to grip the pole) and two
sets of driven wheels (to support the whole system) as shown in
Figure 8. The isometric view of the same is shown in Figure 14. As
the robot had to move in a single direction, only one motor was
used to avoid redundancy. The two driving wheels were coupled
with the help of timing belt to ensure that the two wheels move
at exactly the same speed [9]. Curved wheels were manufactured
according to the radius of the pole (Figure 8) and it was ensured
that only two points of the wheel remain in contact with the pole
such that there is no slipping. Balancing forces in vertical direction,

2f = Mд + 4fr +Ma (1)
where, M is the mass of the robot, g is the acceleration due to

gravity, a is acceleration of the center of mass the robot, fr and f
are friction force from the driven and driving wheel, respectively.

Balancing forces in horizontal direction (as shown in Figure 9),
N1 = N2 = Fpiston (2)

where, Fpiston is force applied by a piston. Friction force of the
driven wheel (fr ) is given by,

fr =
µr Fpiston

2
(3)

For maximum acceleration, friction force from the driving wheel,
f = µN (4)

where N is the total normal force. Solving Eqn (1), (2), (3) and
(4) we get,

Fpiston =
Mд +Ma

2(µ − µr )
(5)

Figure 9: Free-body diagram of the pole

Figure 10: Several components of Hybrid robot

where, µ and µr are coefficient of static and rolling friction re-
spectively. For our case, д = 9.8 m/s2, a = 0.5 m/s2, M = 20 kg, µ=
0.4, µr = 0.01.

Hence, the required piston force comes out to be 528 N. Therefore,
by using a catalog of SMC [1], the bore and stroke of the piston
selected were 40 mm and 50 mm respectively, working at 4 bar
pressure.

2.5.2 Electrical Control System. It had to be ensured that the
robot climbs a certain height and stops automatically so that it could
mount the propeller. A DC motor was used to drive the driving
wheel and a laser sensor was used as a feedback device. The sensor
was mounted facing ground such that it continuously monitors the
height of the robot. Similar to slider positioning system explained
before, a PID controller was implemented. A safety switch was
installed to ensure that the robot stopped at the top even if the laser
sensor gave erroneous values.

2.6 Final Design
Hybrid robot had several subsystems, all of which had to work in
unison for the robot to function properly. These subsystems include
the drive, the arm providing the non-contact force and the pole-
gripping unit. Each one of these subsystems had several sensors,
which were integrated and tested vigorously. Figure 10 shows the
block diagram of all the components used by the Hybrid robot. The
inputs from the users were taken through a PS3. Limit switches
were installed in different subunits for safety. The Hybrid robot
contained a total of seven actuators and five sensors.

3 ECO ROBOT
Eco robot is the robot, which cannot have any actuators except for
steering while locomotion. Its driving force had to be provided by
Hybrid robot. In order to minimize the required force of motion,
the task was to keep its weight as low as possible. The task of Eco
robot was further subdivided as Basic Drive design, Propagation,
Braking and Propeller Placing.

3.1 Material Selection
Many different materials were compared for strength and weight.
Some of the materials were wood, acrylic, aluminum and aluminum
composite plastic. ACP sheet (aluminum composite plastic) was
finally used. The holes in ACP sheets were done by water jet cutting
method.
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Figure 11: Processing of an image of "uphill" region

Figure 12: Image processing in the "River" region

3.2 Steering Mechanism
As only one actuator was allowed on the Eco robot for steering
purpose, the design was inspired by the swerve steering system
used in robots for many similar competitions [5]. The front wheel
was directly mounted on a single motor whose angle was controlled
to provide the direction. In order to traverse the path, two systems
were developed as discussed below.

3.2.1 Photodiode, optical encoder and IMU system. Another
system was developed using an array of photodiodes, an optical
encoder and an inertial measurement unit (IMU). The encoder was
used as a primary input source, which gives the amount of dis-
tance travelled from starting point. The array of photodiodes was
responsible for the correction of steering angle during straight-line
motion by sensing the white line and IMUwas used for straight-line
motion during "river" region, as detecting line in that region was
difficult.

The points through which the robot had to travel was joined by a
straight line. The corners, thus formed were replaced by symmetric
polynomials of second order, to facilitate smooth traversal of the
robot [15]. Thus, throughout the path, the information of turning
radius at each position, i.e. radius of curvature of the path calculated
using Eqn. 8, w.r.t the position was extracted. Finally, the radius of
curvature was converted into steering angle and was stored in an
array.

y = f (x) = ax2 + bx + c (6)
where, a, b and c are arbitrary constants and R denotes the radius

of curvature of the path.

3.2.2 Camera based Detection System . For detecting the white
line in the field, simple segmentation techniques based on the RGB
values were used. However, the camera used had an inbuilt feature
of automatic brightness control while capturing a video stream,
the RGB values of the white line varied greatly according to which
region it belongs to. Due to an artificial light source, the erratic
behavior of white color was prevented and hence line segmentation
was accurate.

An important feature of the algorithm used was that it did not
color segment the entire image. However, it segmented one of the

top row of the image using the threshold RGB values of the ideal
white strip. It calculated the starting point and endpoint of each
white patch obtained in that row and hence its thickness. If the
thickness of this patch was sufficient, then the angle made by the
line joining the middle of the patch with the middle of the bottom
most row and the vertical line (Figure 11) was fed into the motor.
The process was repeated with the next frame.

An ideal river (zigzag) has turns at exactly 90°to each other.
However, as the camera was tilted by almost 25◦ to the horizontal
the angle of intersection of lines in the river section was acute. So,
the above mentioned line following algorithm (row-wise sweeping
which works for obtuse angles) failed. Due to this, a combination
of vertical and horizontal pixel sweeps had to be done as shown in
Figure 12.

3.3 Pawl and Ratchet Mechanism
It was observed that while climbing the hills, if the Eco robot stop
in the middle of any slope, it started rolling backwards. Therefore,
an anti-roll back system that used pawl and ratchet (Figure 13) was
implemented to prevent these difficulties. Pawl and ratchet only
allowed the wheel to move in one direction, thus preventing the
robot from rolling back on the hill. Similarly, in the last region, the
Eco robot had to go down a slope with the help of gravity. Here
the pawl and ratchet was used as a braking mechanism. Wherever
the robot had to stop, the front wheel was rotated 180o , effectively
acting as a braking mechanism without an additional actuator.

4 RESULTS
The important features of the robots that were finally used are
mentioned below. Based on our comparison of different drives, the
differential drive was selected according to the requirements. The
factors favoring this were the reduced weight and simplicity of
design and manufacturing. The motor and wheel selection was
based on the requirements of velocity, acceleration, with the ap-
proximate assumption of the weight of the system and the frictional
coefficient. The belt and gear coupling was designed, but major
issues were faced while manufacturing and assembly of the gear
system. After implementing the two force mechanisms, magnet
and wind based,the wind force mechanism was selected because
the fan provided sufficient force to traverse the Eco robot along
the river, when compared to the magnets. An automatic altitude
control slider for guiding force mechanism was developed to sim-
plify the control for the rider. For feedback, a laser distance sensor
was used instead of an ultrasonic sensor to increase precision and
decrease noise. The final pole climbing system used DC motors

Figure 13: Pawl and Ratchet mechanism of Eco robot



AIR ’17, June 28-July 2, 2017, New Delhi, India V. Gupta et al.

driving wheels to traverse the pole. A PID controller, with feedback
from laser distance sensor, was implemented in order to control the
height of the fan in the robot. A pawl and ratchet mechanism was
coupled with the steering mechanism of the Eco robot’s in order to
overcome rollback problem on the hill region for the Eco robot. For
automatic traversing of Eco robot, camera based detection system
resulted in better control.

This project was a huge learning experience for the entire team
of students drawn from the 2nd , 3rd and 4th year of various de-
partments. The experience made the attitude of the team members
better towards the setbacks faced and how they were overcome. The
Robocon contest aims to create friendship and initiate interaction
among the young robotics enthusiasts within the country, while
also enabling students to be exposed to advanced engineering tech-
nologies in the domain of the problem statement. Hence, from the
beginning, it has always been endeavored to enhance and optimize
the current robot designs by involving the students to correlate
the theoretical knowledge gained in lectures with the practical
challenges identified in the robot. With that in mind, the following
summer in May-July 2016 (the competition was held during 3rd -5th
march 2016) was spent in optimizing the pole climbing subsystem
of the Hybrid robot by focusing on the mechanical gripping and
motor control, after theoretically studying different parameters at
play. This greatly helped the junior students as they got an opportu-
nity to test their engineering skills ahead of their batch and display
it to the institute on Independence Day (15 August 2016) when the
robot unfurled the national flag at the campus [7]. Some other key
learning takeaways from the project were:

(1) It is important to adapt existing subsystems to a given prob-
lem and make them more reliable when available time is
constrained. Starting work on new technologies introduces
many uncertainties.

(2) Designs should be made extensively robust and resistant to
failure. The benefits of such designs became apparent during
rigorous testing of the robots.

Figure 14: Final Eco and Hybrid robots

(3) The basic pillars of working in a team are communication and
coordination. Lack of them often led to delays and chaotic
situations, which can be easily avoided.

The competition in itself also gave the team an opportunity to
interact with their peers from other colleges and witness the robots
of other teams in action. Overall, the whole journey of the project
for more than six months and the concluding competition, despite
not being able to win in the competition, was an eventful and a
memorable learning experience for the team. Looking forward, it
is important to take the team’s work forward and continue in the
following years with a winning attitude.

5 CONCLUSION
The process of participating in Robocon 2016 played an important
role in the knowledge development of the undergraduate students.
Participation in such competitions provides opportunities to ap-
ply the theoretical knowledge gained in classrooms. The complete
design (as shown in Figure 14), fabrication and testing of the two
robots were completed in a period of six months. Hybrid robot was
able to successfully control and push the Eco robot up the slope,
pick the propeller and place it on the wind turbine station. The
problem statement was finally completed in 145 seconds.
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