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Abstract: A rover is a vehicle for driving over rough terrain, especially one driven by remote control over extraterrestrial terrain.
Robotic rovers are used extensively for exploratory and reconnaissance purposes in the fields of scientific exploration and
defense. This project focuses on the design and development of a rover with autonomous driving and environmental sensing
capability. It can be used as an exploratory rover, providing information about the terrain and surrounding atmosphere. It can
also be used as a surveillance robot to alert people in areas with security threats like national borders, terrorist occupied
territories etc., where it is difficult for humans to work. The rover will be having a Rocker Bogie Suspension system with 6
wheels for greater stability in maneuvering over obstacles. It can avoid un-mountable obstacles and can traverse over mountable
obstacles. Instructions are sent to the rover by a remote computer connected over Wi-Fi. The rover is equipped to send a live
video feed and sensor data to the remote computer.
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l. INTRODUCTION

Robotic rovers and other remotely operated vehicles (ROVs) are an application of Tele robotics. Tele robotics is the area of robotics
concerned with the control of semi-autonomous robots from a distance, chiefly using Wireless network (like Wi-Fi, Bluetooth, the
Deep Space Network, and similar) or tethered connections. It is a combination of two major subfields, tele-operation and tele-
presence. Rovers were used and are extensively being used for planetary exploration and military operations. They create an
opportunity to make scientific experiments at places where it is impossible for humans to explore.

Figure 1.1 Lunokhod Rover

A. Rovers In Exploration

The Lunokhod 1 rover shown in figurel.1 landed on the Moon in November 1970. It was the first roving remote-controlled robot to
land on any celestial body. The rover drove 197 m, and during 10 communication sessions returned 14 close up pictures of the
Moon and 12 panoramic views. Lunokhod 1 held the durability record for space rovers for more than 30 years, until a new record
was set by the Mars Exploration Rovers. NASA included Lunar Roving Vehicles in three Apollo missions: Apollo 15 (which landed
on the Moon July 30, 1971), Apollo 16 (which landed April 21, 1972) and Apollo 17 (which landed December 11, 1972) .The Lunar
Roving Vehicle (LRV) or lunar rover was a battery-powered four-wheeled rover used on the Moon in the last three missions of the
American Apollo program (15, 16, and 17) during 1971 and 1972. It was popularly known as the moon buggy, a play on the phrase
"dune buggy". The LRV was transported to the Moon on the Apollo Lunar Module (LM) and, once unpacked on the surface, could
carry one or two astronauts, their equipment, and lunar samples. The Lunokhod 2 was the second of two unmanned lunar rovers
landed on the Moon by the Soviet Union as part of the Lunokhod program in 1973. It was the second roving remote-controlled robot
to land on any celestial body. Lunokhod 2 operated for about 4 months, covered 39 km (24 mi) of terrain, including hilly upland
areas and rilles, and sent back 86 panoramic images and over 80,000 TV pictures. Based on wheel rotations Lunokhod 2 was
thought to have covered 39 km. The Mars Pathfinder mission included Sojourner shown in figurel.2, the first rover to successfully
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reach another planet. NASA, the space agency of the United States, launched Mars Pathfinder on 1996-12-04; it landed on Mars in a
region called Chryse Planitia on 1997-07-04.[15] From its landing until the final data transmission on 1997-09-27, Mars Pathfinder
returned 16,500 images from the lander and 550 images from Sojourner, as well as data from more than 15 chemical analyses of
rocks and soil and extensive data on winds and other weather factors.

Fig 1.2 Sojourner rover on Mars Fig 1.3 Spirit rover (Artist's conception)

Spirit shown in figurel.3 is a robotic rover on Mars, active from 2004 to 2010. It was one of two rovers of NASA's ongoing Mars
Exploration Rover Mission. It landed successfully on Mars at 04:35 Ground UTC on January 4, 2004, three weeks before its twin,
Opportunity (MER-B), landed on the other side of the planet. Its name was chosen through a NASA-sponsored student essay
competition. The rover became stuck in late 2009, and its last communication with Earth was sent on March 22, 2010. Opportunity
is a robotic rover on the planet Mars, active since 2004. It is the remaining rover in NASA's ongoing Mars Exploration Rover
Mission. Launched from Earth on July 7, 2003, it landed on the Martian Meridiani Planum on January 25, 2004 at 05:05 Ground
UTC (about 13:15 local time), three weeks after its twin Spirit (MER-A) touched down on the other side of the planet. On July 28,
2014, NASA announced that Opportunity, after having traveled over 40 km (25 mi) on the planet Mars, has set a new "off-world"
record as the rover having driven the greatest distance, surpassing the previous record held by the Soviet Union's Lunokhod 2 rover
that had traveled 39 km (24 mi) On 26 November 2011, NASA's Mars Science Laboratory mission was successfully launched for
Mars. The mission successfully landed the rover Curiosity shown in figurel.4 on the surface of Mars in August 2012, whereupon
the rover is currently helping to determine whether Mars could ever have supported life, and search for evidence of past or present
life on Mars. The rover's goals include: investigation of the Martian climate and geology; assessment of whether the selected field
site inside Gale Crater has ever offered environmental conditions favorable for microbial life, including investigation of the role of
water; and planetary habitability studies in preparation for future human exploration. Curiosity is quoted to be the most sophisticated
rover ever built by NASA Administrator Charles Bolden. It is also the inspiration behind this project.

Fig 1.4 Curiosity rover
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Il. LITERATURE SURVEY

A. The Rocker Bogie Suspension

Figure 2.1 - Rocker Bogie Suspension

The Rocker-Bogie system has been the suspension arrangement used in the Mars rovers. It is currently NASA's favored design. The
term “rocker” comes from the rocking aspect of the larger links on each side of the suspension system. These rockers are connected
to each other and the vehicle chassis through a differential. Relative to the chassis, when one rocker goes up, the other goes down.
The chassis maintains the average pitch angle of both rockers. One end of a rocker is fitted with a drive wheel and the other end is
pivoted to a bogie. The term “bogie” refers to the links that have a drive wheel at each end. Robots using rocker bogie mechanism
makes use of a suspension mechanism that consists of several rigid elements connected through joints of a certain number of
degrees of freedom (DOF) resulting in a structure that has one system DOF. This enables them to move along uneven terrain
without losing contact with the ground. The suspension has 6 wheels with symmetric structure for both sides. Each side has 3
wheels which are connected to each other two with links. The main linkage called rocker has 2 joints while first joint is connected to
front wheel, the other joint is assembled to another linkage called bogie, which is similar to train wagon suspension member.

1) Advantages: Load on each wheel is nearly identical.

Has no axles or springs which helps to maintain equal traction force on all the wheels.

Can climb over blocks twice the height of the wheel while keeping all 6 wheels on the ground.

Each wheel can individually lift almost the entire mass.

Distributing the weight and drive torque to six wheels instead of four, gives the rover greater traction and stability.

As with any suspension system, the tilt stability is limited by the height of the center of gravity. Most of the mechanical construction
of the chassis involves the suspension components. The main body is a box that houses the electronics and batteries. The chassis of
the rover is constructed using nylon plastic sheet which houses all the electronics. The rocker arm and bogie are constructed using
Cpvec pipes

After a literature survey about the dimensions to be considered in a rocker bogie system, the following points were selected.
Generally a rocker-bogie system can lead to uneven wheel loads but this can be counteracted when using the setup, more exactly the
bogie must be sized to be half of the rocker arm length and the chassis mounting point of the rocker arm has to be at one third of the
arm’s length.

The triangle shown in below figure is created from the main axel, differential bar, and the top of the suspension system. This
triangle plays a very important part on the overall rigidity of the system.
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Figure 2.2 - Different views of structure

igure 2.3 Calculating different parameters
If all other dimensions are kept the same, varying the height H, in below figure also varies

the angle ‘0’. As the value of 0 increases and becomes close to 90°, the forces required to keep the rover system rigid become
exponentially increased.

Further modification to the design is made to simplify the structure and the differential arm is attached to the top of the suspension
system in line with the bearing mounting point. This eliminates the tie rod between the differential arm and the bearing assembly. A
lag screw is instead used to serve the purpose of a tie rod.

B. Construction

1) Mechanical Components: CPVC Pipes
Nylon (Polyamide)

Ball Bearings

Nuts and Bolts

Wheels

2) Electronic Components: Raspberry Pi

Arduino Uno

ATmega 328

DC MOTORS

L298N MOTOR DRIVERS

ULTRASONIC SENSOR

BAROMETRIC PRESSURE SENSOR (BMP 180)
Webcam

111. OPERATIONAL BLOCK DIAGRAMS

A. Interfacing Microcontroller With Ultrasonic Sensors And Motor Drivers To Run Motors

The connections are shown as per the block diagram in figure 3.23. The ultrasonic sensors generate the input data, which is the
distance from obstacles. If it is less than a previously set value, obstacle is detected and the output is given accordingly to the
motors. The motors are driven through the motor drivers.

ULTRASONIC ULTRASONIC
SENSOR (HC-SRO04) SENSOR (HC-SR04) LEAD ACID BATTERY
I MOTOR 1 I— S - _l MOTOR 3 I
ARDUINO UNO A RIVE]
i‘;;g PRDEIER (MICROCONTROLLER) L298
MOTOR 5

MOTOR DRIVER

L1298
MOTOR 6
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B. Interfacing Raspberry Pi With Wifi Dongle, USB Webcam And Barometric

1) Pressure Sensor: The Raspberry Pi is made to act like a web server to stream data on request. It is made to stream live video data

continously and sensor values upon request. The required 5v and 2A supply to the rasberry Pi is given through the UBEC from the
lead acid battery. The block diagram is shown in figure 3.24

WIFI DONGLE LEAD ACID BATTERY

'—l

LOGITECH C90
BAROMETRIC PRESSURE
RASPBERRY PI
SENSOR BMP180 USB WEBCAM

Figure 3.3

IV. RESULTS AND DISCUSSION

The unmanned terrain rover with rocker bogie suspension system is constructed and is tested in different terrains. The completed
structure is shown in figure 5.1

Figure 4.1 Completed Mechanical Structure Figure 4.2 Getting down from a height

The rover is tested over various terrains and its operation is found to be satisfactory. As expected, it evades un mountable obstacles
and traverses over obstacles which are less than 1.5 times the size of its wheel diameter. Following pictures show the rover
traversing obstacles.

Figure 4.3
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Figure 4.4

The sensor information is obtained by the remote computer in its graphical user interface.

V. APPLICATIONS AND SCOPE
A. Applications
The project focuses on developing a platform which can be used for many applications. The rover can travel in uneven terrain
autonomously with the help of the rocker bogie suspension system and the sensor values obtained from the rover help in evaluating
the atmospheric conditions present around the rover. It can be used for exploration in places which require continuous
environmental and video surveillance. Reconnaissance is one of the major applications of such rovers. It can also be used for
geological mapping of unknown terrain as it can even provide live video feed and images of the terrain being explored. Information
about the terrain and the climate around it can be studied and recorded for mapping.

B. Future Scope

One of the main problems of this rover is the limitation offered by the battery power and the communication range. When these
limitations are answered by using solar panels to charge the battery and mobile data cards for internet connectivity, the rover can be
made operational in real time and can be left in a remote terrain for continuous operation. With higher computing electronics, a
higher level of autonomy can be given to the rover in navigation by using GPS modules and path planning algorithms. Devices and
subsystems like autonomous robotic arm, stereo camera and various useful sensors can also be attached to the rover to further
enhance its functionality.

VI. CONCLUSION

The unmanned terrain rover with rocker bogie suspension is completed successfully and its operation is tested and found to be
correct. The main objective of the project, which is to show that — like the sophisticated planetary rovers which are deployed to
explore other planets, rovers can also be made at a lower cost, with commercial off- the-shelf components to explore our own Earth
and help us in better ways, is accomplished.
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