
1

2022

Design Report



TEAM INFO

2

Team Name:

Contact:

TEAM ANVESHAK
ROVER: FORESIGHT

Team lead: Sai Karthik Brahma , Arun DA
Phone No: +91 8985149248
Email ID: teamanveshak@smail.iitm.ac.in
Linktree: https://linktr.ee/Team_Anveshak

           Connect with us!
                                                                                                          Scan QR code

mailto:teamanveshak@smail.iitm.ac.in
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Academic
Institution:

Academic
Consultant:

INDIAN INSTITUTE OF TECHNOLOGY MADRAS, CHENNAI, TAMIL NADU, INDIA

Dr. T. Asokan
Indian Institute of Technology Madras
asokan@iitm.ac.in



History of
the Team:

We, Team Anveshak, are a team of 20+ passionate students from IIT Madras who live & 
breathe robotics. Since our beginning around early 2016, we have spent countless days & 
nights in building our own remote operated all-terrain rovers, complete with a robotic 
manipulator & soil digger.
Our team brings together a set of highly dedicated & skilled students working on 
mechanical design, system architecture & control, outreach & business relations. The 
technical knowledge & practical experience the team imparts to its members is 
unparalleled, nurturing them into effective team players & leaders of industry & research.

Some of our Experiences:
❖ IRC 2019 - Champions!
❖ URC 2019- 12th Place
❖ IRC 2020 - 5th Place
❖ ERC 2021- 12th Place (Remote edition)
❖ IRDC 2021- 6th Place
❖ URC 2022- Qualified
❖ ERC 2022 - 4th Place (Remote edition, Qualification A)
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Active
Members List:
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Team Photo
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Team
Formation:

The team consists of four broad subsystems: mechanical, electronics & software, science, and 

management and each of them consists of a few members chosen per the requirements and is led 

by a subsystem head. The subsystem heads work closely with the team members and one another 

to make sure the work proceeds as per schedule The management subsystem, which takes care of 

budget, sponsorship, scheduling, logistics, public outreach, etc.

10

MANAGEMENT



Workplace: All subsystems ideate and work together in Center for Innovation, a dedicated workspace at IIT 
Madras equipped with an organized inventory, essential power tools, WiFi, bulletin boards, a 
projector, etc. This is where we ideate, design, and assemble the rover, and also store our tools and 
spare parts. For manufacturing parts, we procure raw material from outside vendors and use tools 
in our institute’s mechanical workshop like lathe, CNC machine, laser cutter, etc. For testing the 
rover, we take it to off-road areas in our campus that provide uneven terrain, different consistencies 
of soil, interesting terrains to map and traverse autonomously, etc.
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Funding : ❖ The total budget allocated for our rover this year is $6,700, of which $4,900 was 

received from our institute and the remaining from corporate sponsorship. Of this, 

we have used $3,613 till date.

❖ The future expenditure for rover development is expected to be $2008. Travel is 

expected to cost $24,000. If we are selected for ARC 2022, our institute will provide 

$7,000, and the remaining expenditure will be borne by the individual team 

members

❖ We don't suffer budget constraints usually as we plan our year ahead and request 

budget accordingly, but in case of budget crunches, our institute provides a buffer of 

20% which we can avail on submitting the bills of new components purchased.

❖ A detailed breakdown is attached in the next slide
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Funding :
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Description Budget allocated Reused component cost Expenditure till date Upcoming expenditure

TOTAL 6700 9431 3613 2008

CHASSIS AND TRAVERSAL 1000 3519.72 624.91 321.82

Frame material and parts 977.14 350

Differential 144 60

Wheel 1571.15 130.91 261.82

Manufactured Components 971.43

MANIPULATOR 1500 400 326 1174

Arm material and parts 400 126 674

Manufacturing 200 500

SCIENCE PAYLOAD 500 97 173.5 230

Materials and Part 97 173.5 230

MOTORS AND ACTUATORS 4375 130.95 0

Drive motors 3600 0

Other motors 100 0

Actuators 675 130.95

ENERGY SYSTEMS 523.72 261.86

Batteries and other power components 523.72 261.86

ELECTRONICS AND CONTROLS 352.37 1559.97 0

Processor 419.23

Microcontrollers 52.37 130.93

PCB Fabrication 382.79

Sensors and Encoders 327.32

Motor drivers 300 299.7

COMMUNICATION 688 275.67 0

Omnidirectional antenna 286

Sector antenna 187

Routers 235.67

Cameras 215 40



Logistics: ❖ We will complete manufacturing spare parts for the rover by June 30. After the last 

round of extensive testing and operator training, we will start dismantling the rover 

on July 13th and pack its parts compactly to make it ready for transportation for 

international flight according to travel norms 

❖ We will get approvals from our institute and the competition for the same. We will 

take the parts of the rover as a check in the luggage , like we did for other 

international competitions like the URC. 

❖ Our rover, with all spare parts, is expected to weigh at most 80 kg. As we will be 

traveling as a team of 15+ the weight of the luggage will be shared among our team 

members and is going to be within the international flight limits. 

❖ We will order parts that aren't allowed on flights (like batteries) directly to our 

accommodation in Turkey.
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ROVER DESIGN

Mobility
System:

❖ An offset-rocker bogie mechanism is used to allow traversal on the harsh 

competition terrain. The offset was set to allow clearance between the chassis and 

bogie-links, to increase the joint angle limits

❖ A bar differential was used alongside the rocker bogie to maintain stability and 

traction.

❖ The links connecting the rocker and bogie to the wheels were manufactured using 

Carbon Fiber for increased strength and reduced weight. Optimization analyses 

were run on MATLAB and FEA simulation was worked out on all the links with 

suitable safety factors. 

❖ The rover is held together by an aluminum chassis framework with a detachable 

electronic box to house the electronics and the battery on the rover. Aluminium 6x 

series was used in the manufacturing to make the rover lighter and sturdy.

❖ Foam-support wheels were used in the rover to allow ease of traversal on bumpy 

terrain. The traction pads were custom designed considering the competition terrain 

to ensure minimum tear. 
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Mobility
System:

❖ An unique trapezoid-bar differential mechanism is used to stabilize the chassis 

during traversal. The trapezoidal differential allows for increased differential angle 

and better stability.

❖ Cone shaped play limiters are currently being tested on the differential to try reduce 

the play.

❖ Currently, a novel string differential is also being developed as a prototype to reduce 

the weight and play due to the bar differential. We are in the process of testing and 

the string differential will be possibly incorporated into the current design before 

ARC-2022. 

❖ The competition terrain was taken an inspiration and tasks were taken into 

consideration in the design and modification of components. 
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Mobility
System:
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Bar Differential

Wheel with generative plate Chassis with elec box and traversal



Mobility
System:

Mass Specifications:

● Rocker bogie + Links =1.7*2 Kg = 3.4 Kg

● Wheels(including motor) = 3.5*6 Kg = 21 Kg

● Chassis box(including elec box and bar differential)  = 1.3 Kg

Total Weight = 25.7 Kg

❖ The chassis and traversal modules are designed considering the load requirements 

of the rover. 

❖ Safety factor is maintained above 2.5 for better reliability. 

❖ The modified bar differential stabilizes the rover to allow for smooth operation.

❖ A robust electrical box is used onboard for better compartmentalization of the 

electrical components on the rover.
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Electronics 
and power 
system:

❖ All the electronic components of the rover are housed in an electronic box that can 
be detached for maintenance. 

❖ Nvidia Jetson Nano is used as the central processor and it interfaces the 
communication system to the controls of the rover. It is capable of performing 
computationally intensive tasks like object detection, path planning and video 
compression algorithms. 

❖ The Nano runs ROS, which acts as an ideal framework to communicate between the 
various processes running on the rover while also enabling hardware abstraction.

❖ The Nano communicates with several STM32 (bluepills) microcontrollers, which use 
Pololu motor drivers to control all of the rover's motors and actuators. The drive 
motors are controlled by three STM32s, which are connected through an I2C 
connection. 

❖ The RPi Picos that control  the manipulator's actuators communicate with each 
other using a CAN bus, which was chosen for its high reliability and noise resistance. 
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Electronics 
and power 
system:

❖ Improving upon our previous rover, we completely redesigned the PCBs to 
make them more compact and reduce the wiring. 

❖ The custom power distribution board can convert Battery voltage into voltage 
outputs of 5V, 12v and 24V using buck converters. 

❖ Optocouplers are used in the PCBs to protect sensitive components from high 
voltages. 

❖ We also process encoder feedback from the manipulator motors which helps 
to precisely control the arm position using PID control and Inverse Kinematics.
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Electronics 
and power 
system:
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Electronics Box

Jetson Nano

Custom Designed Pcb



Electronics 
and power 
system:

❖ The 24v lipo batteries are each have a rating of 16000mah/6s/50C and 
weighing 1900gm. It can power the rover upto 3 hrs.

❖ The motor drivers for the drive motors can handle 24v/13A rating and can 
easily be used to run our maxon motors.

❖ The rover has a logitech camera for taking color pictures and a Zed Cam Mini 
for depth imaging.

❖ A bluetooth module has been added to the jetson nano for the missions in 
the competition.

22

ROVER DESIGN



Manipulation 
system:

❖ The arm is a 5 DOF open-loop manipulator with a 2 DOF underactuated gripper. 

❖ The design was chosen keeping modularity in mind in order to reduce the setup 

time after the equipment servicing task.

❖ The system uses a linac and worm gear for elbow and shoulder actuation 

respectively.

❖ A five bar mechanism driven by a linear actuator is used for the fingers.

❖ Link lengths were optimized to maximize the gripping force. The roll motion is 

achieved using spur gears chosen in such a way that  there is higher reduction and 

efficient torque transmission.

❖ The pitch motor is connected directly so as to achieve more compactness and 

efficiency.

❖ Maximizing workspace size and payload capacity were the primary factors 

considered during the design process.
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Manipulation 
system:

❖ Inspired from Human arm 

❖ The total length of the arm is 1.15m.

❖ Keeping in mind weight constraints and backdrivability of the joints, we 

decided to go with the linear actuator plus worm gear system. 

❖ We've designed our system so as to be capable of reaching objects at a max 

height of 1.5m from the ground. 

❖ The gripper is capable of performing two kinds of grasps, parallel and 

encompassing grasp which increase the versatility of its applications. 

❖ We've also used encoders that relay real time positions of the actuators.
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Manipulation 
system:
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Manipulator Render Manipulator Performing Task



Manipulation 
system:

❖ Weight 6 kilograms and is capable of lifting a max payload of 7kg. 

❖ Reach: 1.5m. 

❖ Primary material used is 6xxx series aluminium

❖ Maximum opening distance of gripper: 6cm

Our rover's arm can flip switches, attach fuel pipes and operate control 

panels. The rover can also transport objects in its surroundings as demonstrated by 

the rover moving the trolley in our video. 

These actions illustrate that our rover is ready for any given role in the 

competition.
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Science 
Payload:

❖ We have used scooping mechanism to collect soil samples. It consists of a custom 

designed driller that rotates at high speed and scoops the soil into a bucket. 

❖ The collected sample is then slid into a rotating collector box, divided into multiple 

compartments, which rotates(using a stepper motor) to distribute the sample into 

different compartments.

❖ The team is currently working on anti-contamination features of the storage box and 

also is determined to improve the sampling mechanism.
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Strengths 

❖ High Sampling Speed

❖ High Sample Storage Capacity 

❖ Can Collect Tiny Rocks

Weaknesses 

❖ Limited sampling depth

❖ Sample Storage and Distribution



Science 
Payload:

❖ The most distinctive feature of this payload mechanism is that the drilling and 

collection tasks are carried out simultaneously.

❖ Another distinguishing aspect is that as the collecting box rotates, we will get 

a consistent collection of soil samples.

❖ Can collect sample from different heights with respect to the rover, by 

changing the angle of the drill arm

❖ Inspired by NASA’s bucket wheel excavator, our team created a similar 

mechanism for soil collection, with a few modifications such as the fast 

rotating driller.
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Science 
Payload:
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Driller rotating at high speed

Science collection box



Science 
Payload:

❖ We are in the process of building a custom fluorescence microscope using multiline 

laser to assess the samples collected. Cyanine and Rhodamine B as fluorophores and 

dichroic filters, are used to directly detect microbes in the given soil sample.

❖ The rover is outfitted with sensors such as the SHT15 and DHT22 for temperature 

and humidity explicitly, TSL2561 and TSL2591 for luminosity, and LPS25HB for 

altitude and pressure. These sensors can detect air, temperature, humidity, and 

pressure, as well as the intensities of various wavelengths of light like UV, far 

infrared, and ionizing radiations. We're also using Grove Multichannel Gas sensors 

which can measure even minimal concentrations of gasses.
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❖ The mechanism we're deploying has a one-of-a-kind design that includes a drill that 

rotates at high speeds and a science box that also rotates and collects soil samples 

consistently. This mechanism has a higher efficiency for sample collecting because it 

is appropriate for both soft and hard surfaces and also conducts the collection and 

drilling jobs simultaneously.

❖ We also employed a unique collection of sensors that can detect various 

environmental conditions and offer us with reliable data.



Ground station 
equipment and 
communication 
system:

❖ The Ground station equipment comprises a transmission antenna and computer 

along with a joystick for control. Two Ubiquiti Rocket M2 routers are being used, 

being aided by a 13dBi omnidirectional antenna on the rover and a 15dBi sector 

antenna at the base station. 

❖ An input-switch program is used in the base station to selectively obtain high-quality 

feedback from specific cameras, as per the requirements of the specific task. 

Transmission and reception of videos are managed by a custom program built using 

GStreamer over RTP (Real-Time Transport Protocol), thereby greatly reducing 

latency. Control signals and other telemetry data are sent over TCP, which ensures 

lossless and error-free data transmission. 

❖ The inbuilt Bluetooth on RPi-4 is being used for scanning the devices around it and 

report through TCP.
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Ground station 
equipment and 
communication 
system:

Our custom-made GUI is the unique point for our communication system. The 

custom GUI built using the RQT framework facilitates faster setup and easier debugging of 

the rover’s operations, while also providing us vital information about the active nodes and 

triggering warnings for the malfunctioning nodes.
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❖ After extensive testing, 2.4GHz communication frequency was found to be a good 

trade-off between range and bandwidth.

❖ The transmission equipment, Ubiquiti, has been selected because unlike standard 

Wi-Fi protocol, Ubiquiti's Time Division Multiple Access (TDMA) protocol allows each 

client to send and receive data using pre-designated time slots scheduled by an 

intelligent AP controller. This "time slot" method eliminates hidden node collisions 

and maximizes air time efficiency. It provides many magnitudes of performance 

improvements in latency, throughput, and scalability compared to all other outdoor 

systems in its class. 

❖ The setup has provided satisfactory results for over 1 kilometer under LoS 

conditions and for up to 800m under non-LoS conditions. 



Ground station 
equipment and 
communication 
system:
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a)  Ground Station

b)   GUI



Ground station 
equipment and 
communication 
system:

We are using a 2.4GHz communication frequency with a range of over 1 km under LoS 

conditions and for up to 800m under non-LoS conditions. A 15dBi sector antenna is chosen 

for the base station as a mediation between directivity and range. The antenna mounted on 

the rover has to be omnidirectional due to changing the orientation of the antenna. 

The router can work with IEEE 802.11b, IEEE 802.11g, and IEEE 802.11n data link protocols. 
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As both of the mission fields are less than 100m, the range chosen for the system is enough. 

A line of sight will not be required for transmission. 2.46Ghz used in the system can provide 

a seamless video feed during the mission. Custom GUI makes the control easier from the 

base station. Bluetooth on RPi would make it easier to read the Bluetooth device names 

and transmit the base station.


