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Project Description 

 - Our goal with this project is to produce a SLAM capable robot based on the extremely versa-

tile “swerve drive” as it is known in the context of the FIRST Robotics Competition  

- What is SLAM? SLAM, short for “Simultaneous Localization And Mapping” is a robotic 

system where the robot not only knows where it is at all times (via GPS, inertial sensors, 

wheel tencoders, etc.) in 3D space, but can also map its surroundings in much the same 

fashion as ships using SONAR to map the seafloor.

- What is swerve drive? Swerve drive, as it is known in FRC, is a fairly new, but incredibly 

versatile drivetrain where each of the drive wheels can freely rotate around a vertical axis 

going through the wheel. The concept can easily be related to the front wheels of a car, 

which rotate with the turning of the steering wheel. The difference is, however, that each 

wheel has this capability, has a continuous 360º  rotation, of approximately 12.6 rad/sec, 

and each wheel is completely independant of the rest.

- Because of these capabilities, swerve drive robots can move in nearly any imaginable 

fashion on the ground (point turn, radius turn, strafe from side to side, etc.)

SBSLAM Drivetrain

This document has been created solely by the high school students of Team 223 who will carry 

out this project.



 - In order to perform SLAM, we will be utilizing a multitude of sensory inputs for the robot

- An IMU, which contains an embedded 3-axis gyroscope, accelerometer, and magnetom-

eter

- Wheel encoders which measure the speed that each drive wheel spins at

- Turret encoders which measure the angular position of each wheel

- Current and voltage draw of each motor

- An Xbox Kinect to map the robot’s surroundings, as well as landmark recognition

- Inputs from the robot operators, telling the robot what to do

- All of this sensory data needs to be fused, and used in a stochastic optimal control system to 

determine how the robot should move itself, in real time

- The standard robot brain is a National Instruments RoboRio, with dual 667 Mhz processors and 

512MB of RAM accessible to us (there are other resources, but they are locked for the use by 

FRC firmware)

- This is too weak to handle our ambitious control system

- As such, we intend to use a Nvidia Jetson TK1 single board computer as a coprocessor

- The TK1 boasts quad 2.4 GHz processors, 2GB of RAM, and a 300 Gflop GPU

- The two will communicate over an ethernet connection

- The RoboRio will be in charge of facilitating the FRC firmware, pulling data from all 

sensors except the kinect, controlling all of our actuators, and running separate con-

trol loops for other future systems

- Ex. Arms, shooter wheels, grippers, etc.

- The TK1 will clone the sensory and output data of the RoboRio and save the history to 

a database in real time, with a “virtual robot”, process data from the Kinect, host a TCP 

server to communicate with the RoboRio, run the primary SLAM and navigation sys-

tems, and log all of this data to an onboard SD card for future analysis

- The applications for this technology are endless

- For example, with some relatively minor modifications, and the addition of a robotic 

arm and gripper and an IED detection tool, this robot can be used to sniff out and dif-

fuse hidden IEDs with almost complete autonomy, saving countless lives

- Another example would be navigating through rough and dangerous situations au-

tonomously, reducing the risk of human injury

- It can even be used by NASA in space exploration missions to make autonomous 

decisions, as commands from mission control can sometimes take days or weeks to 

reach the robot



About 
Us

 We are FIRST Robotics Team 223, Xtreme Heat. We are a veteran team, having existed 

since 1999 originally under the name “Zaiders”, operating in the Piscataway branch of Middlesex 

County Vocational and Technical Schools. Later on, in 2007, We adopted the name and location 

that we use today. We have attended the national and world FRC competitions a multitude of 

times, most recently attending the World Championships at St. Louis last year. 

 FIRST, standing for For Inspiration and Recognition of Science and Technology, is a large 

global organization designed to introduce students up to 18 years old to STEM in an engaging 

way. The organization has existed for nearly three decades, and is a major promoter of robotics. 

There are several classes of FIRST teams, ranging from young children in elementary school 

developing handheld robots out of Legos to high school teams building much larger and more 

complex robots, weighing 120lb. The latter class is called FIRST Robotics Competition, or FRC, 

and is the class that our team and project exists in.

 Each year a different “game” is played in FRC. These can be anything, from ultimate fris-

bee to basketball to non sports related games, such as throwing exercise balls into elevated 

goals. Each year, a new game is released on one of the first two Saturdays in January. Teams get 

most of January and February to develop robots, and competitions begin in early March, lasting 

until the end of April. Because of this scheduling, we do not know what the robot will have to do 

this year. This is reflected in the renderings of our robot design included in this document, as 

our robot is, as of now, a drivetrain, which is only capable of driving. When the game is released, 

however, we will design a superstructure on this drive base, which will perform whatever the 

game is this year, and also provide a high vantage point for our Kinect.



Team 
Organization

Team Captain:  Daniel Yochim
Safety Captian:  Jonathan Jankowiak
Team Mentor:  Randy Coren



Mechanical 
Design
Design Captain: Quinlan Lall
Team size: 6 

- The design team is responsible for conceptualizing and designing the final design 
of the robot.
- The design team is responsible for
  - Conceptualizing and designing CAD models of current and future proects.
◦   - Testing different solutions before locking design.
◦   - Providing drawings for the fabrication team.
◦   - Ensuring that concepts and designs adhere to competition constraints  
     and rules.
◦   - Producing renderings and drawings of projects.

SBSLAM Swerve 
Pod Module

SBSLAM Drivetrain



Fabrication 
& CAM
Build Captain: Daniel Yochim
Team size: 5

 - The Fabrication team is responsible for the overall construction of the robot, including milling,   
printing, and the final assembly of the robot.
 - The following are responsibilities of the Fabrication team:
◦ - Fabricating projects from the Design team.
◦ - Overseeing safety during the fabrication phase.
◦ - Operating and overseeing the CNC.
◦ - 3D printing parts.
◦ - Welding.
◦ - Assembling robot pneumatics and basic electronic systems.
◦ - Assembling final robot assembly.
 - The team oversees use of the Tormach mills and CNCs.
 - Compares robot specifications to regulations.
 - Approximately 5 people.

Senior helping out a sophomore Fabrication team welding parts



Programming
& Control Systems
Programming Captain: Brian Duemmer
Team size: 4

 -The Programming team is responsible for bringing the robot to life.  The team 
works on programming subsystems while the robot is in the design and fabrication 
phase.
 - The team is responsible for the following tasks:
◦ - Automating the robot.
◦ - Providing manual control of the Robot.
◦ - Overseeing electronics, controllers, and sensors of the robot.
- Current projects of the Programming team:
◦ - Designing algorithms and logic for Simultaneous Localization And 
 Mapping robot.
◦ - Programming swerve drive kinematics.
◦ - Programming turret for the Kinect sensor.
- The team primarily uses Labview for large projects, as well as C++ and Java for 
smaller projects.

C++

2015 Kinect Code



Programming 
Flowchart
 - During operation, the robot will making realtime calculations and decisions about its 

environment. 
- The robot’s main computer will be dedicated for sensor input, movement, communication and 

management of actuators.
- In order to prevent using too much computational power on the main computer, navigation, 

physics, and control systems computation will be done on the TK1 board.
- The TK1 board will use its 192 cores to perform calculations needed by the main computer.
- Under this configuration, the main computer will be constantly outputing sensor data to the TK1 

board.
- The TK1 board will be analyzing input data and outputting data to the mainframe computer 

upon a data request.
- This way, the computer can request navigation data and control systems computations without 

using its internal resources.

This flowchart represents our current framework for 
code kinematics and data flow



TK1 Board

Image by Nvidia

 The Jetson TK1 Development board is the backbone of our autonomy for this project. It 

is oftentimes called “The World’s first embedded supercomputer” because of it’s impressive 

computational power. It boasts a quad core 32 bit Arm A15 CPU, clocked at 2.3 GHz, along with a 

smaller core for low power applications. It is also equipped with 2GB of RAM, SD card and PCIe 

mini ports, USB 3.0, Gigabit Ethernet, and an impressively low power draw of only about two amps 

at 12 volts at maximum power. The most significant feature of the board, however, is the GPU. The 

onboard Tegra K1 Graphics processor comes with 192 CUDA capable cores, delivering 300 Gflop 

throughput, which will be used for general purpose calculations concerning the Kinect, at a much 

faster and more efficient rate than running them on a CPU. The entire board with fan (not shown 

below) weighs 120g, and is approximately 12.7 x 12.7 x 2.6cm in size.



How the 
Grant would help 
meet our Goals
 Being such an ambitious project, high costs of production are an undeniable hinderance 
to our work. While we do have several other generous sponsors and several fundraising income 
sources supporting the Robotics Team in general, most of that funding is used for competition 
registration, travel, and tools, leaving only a small portion for actually developing robots. Coupling 
the expenses coming from purchasing a new CNC mill this year, and receiving less funding from 
our sponsors this year than we had hoped, the budget for this project is insufficient for reaching 
our goals. While the technical Bill of Materials reads a cost of just over $4080, we instead are 
asking for $6000. The extra funding is necessary to account for development of prototype 
SBSLAM Systems, as well as whatever superstructure or other onboard machinery will be called 
for by this coming year’s FRC game, for which this machine will be participating in.



Project 
Progression



Timeline

Conclusion
 This project is a prime example of the research and development of complex and useful 
robots at a high school level. This project will not only build a vast array of practical, real world 
knowledge for the students working on the project, but will also prove valuable outside of the 
realm of FRC robotics, with its vast mobility and autonomy solving real world problems, such as 
those faced by NASA and military robots / vehicles. This project will also be kept alive by new stu-
dents joining the team, even after the current founders of the project leave for college.

 In addition, all of the project data, results, CAD models, software, etc. will be maintained on 
our team’s website, https://xtremeheat223.wordpress.com/ , along with all of our project docu-
mentation (pictures, videos, etc.).


