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I. Abstract


FRC Team 418 created a Robot-In-A-Box in order to provide a platform that could be used to (1)train new students in programming, (2) mentor other FRC teams,    (3) make their build season more efficient,  and (4) to solve code problems when the robot was unavailable. The Robot –In-A-Box (named Sebastian by a team member) contains the components that the team considered frequently used on a typical  FRC Competition robot. These components are all wired and can be coded and controlled like a stationary FRC Robot. This paper explains the reasons Sebastian was created, how he was built and put together, and how the team hopes to use him in the future.

II. Problem

a. Background

In an effort to improve the coding process and be as efficient as possible during the build season and at competitions, FRC team 418 developed a concept that would allow them to test and verify code changes without relying on the robot being present. The design involved making a prototyping and development platform; a small robot-like device that would be used to mimic actual robot operations for testing. This robot-in-a-box would enable the team to prototype and test autonomous mode, as well as test code while the robot is queuing, on the field, or in inspection. 

b. Purpose

The robot-in-a-box, Sebastian, is highly beneficial to an FRC team, as it can be used for various purposes. In the field of electronics, Sebastian can be used to educate new team members and others about wiring and creating an electronics system for a FIRST robot. Veteran team members can use the robot-in-a-box as a helpful visual aid for teaching new members about the basics of electronics. Programmers can use Sebastian to test programs without relying on the robot, whether it is early in the build season, prior to completion of the robot, or during competitions when the robot is away from the pits. This makes it possible for the team to be much more efficient during the build season because it gives programmers a way to work out all of the kinks in the code before even having a physical robot.  

Sebastian also gives the team an opportunity to promote FIRST and STEM education easily and safely, making it extremely beneficial for demonstration purposes. At demonstrations, people will be able to view the various components of the robot while simultaneously watching a robot in action, increasing public interest in the technical aspect of robotics.

c. Design Considerations


There we several things that had to be considered when designing a robot in a box for our team’s use. First of all we had to be able to fit all of the components we wanted to include (for full list of components see Figure 13). The components needed to fit in a way that was organized and simple to follow for teaching purposes. At the same time, the box had to be small enough to travel with the team, which meant that it needed to be portable. 

III. Implementation

a. The Box


The box itself was built from ten pieces of plywood. The two halves were constructed by nailing together two pieces of 49.75” x 7.5” x .75” wood and two pieces of 21.25” x 7.5”x .75” wood to create the rectangular frame. We then placed a large rectangular board equivalent to the outside perimeter of the frame and nailed it onto the frame. This created two rectangular boxes that were 7.5” deep (See Figures 1 and 2)


Next we hinged the halves together on the long side so that it would stand on the smaller, square bottom (see Figure __). The hinges are both 12” long; one is placed 6” from the top of the box, and one 6” from the bottom.
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Figure 1 (Half Box)
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Figure 2 (Half Box Drawing with Dimensions)


To make the box portable, we attached six wheels to the bottom of the box, two of which were locking wheels to prevent the box from accidentally rolling. We then included a simple latch at the front of the box to keep it closed during transportation.

The layout of the inside of the box was designed with the intent of making everything easily visible and all of the wires easily traceable. The motors were oriented in a diamond shape with the respective Jaguar speed controllers placed in a square (See Figure 3). The bottom half of the left side of the box was designated for the control system and the bottom half of the right side was reserved for pneumatics (See Figure 4). The cRIO and the compressor were both mounted upright for ease and stability of mounting.
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Figure 3 (Left Half of Box with Components)
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Figure 4 (Right Half of Box with Components)

b. Mechanical Systems

i. Motors


With the robot-in-a-box, the team tried to replicate what might be on our drive train or manipulator. We took a look at previous robots and decided to include the following: four globe motors (Figure 5), two window motors (Figure 6), one CIM, and one BaneBots motor (Figure 7). We only included one CIM because of its weight and difficulty of mounting. We attached a chain and wheel to the CIM to simulate a CIM’s speed when powering a wheel. Reference Figures 8 and 9 for CIM mount and wheel. We also attached small wooden wheels directly to the other motors and marked them so that the rotation of the motors could be more easily visualized.
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Figure 5 (Globe Motor)
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Figure 6 (Window Motor)
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Figure 7 (BaneBots Transmission with FP Motor)
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Figure 8 (CIM Mount)
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Figure 8.5
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Figure 9 (Wheel attached to CIM)

Each motor is wired to its respective Jaguar speed controller. Each Jaguar is then wired to the power distribution board to a 30Amp Max position with the exception of the Jaguar associated with the CIM, which is wired to a 40 Amp breaker. Each motor has a circuit breaker as per FRC wiring directions. Each Jaguar is then run to its corresponding number input on the Digital Sidecar with PWM cable. Again, all of these connections were based on FRC Electronic Layout rules and the following layout.
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The Jaguars and the Motors were then labeled with corresponding numbers (Motor 1 was attached to Jaguar 1 which is then run to input 1 on the Sidecar).

ii. Pneumatics


In recent years we have not made heavy use of pneumatics on our robots. Consequently, few of our current team members have any experience with pneumatics. To provide an opportunity to learn these, we added a small pneumatic section into the Robot in a Box. This will help with prototyping pneumatic use in the future, because of our inexperience. This section included two small pneumatic cylinders (Figure 10), two solenoids, one air tank, one pressure switch, one pressure regulator, one spike, and of course, one compressor.


Both cylinders were attached with a small mount and a nut (see Figure 11) facing the inside of the box. Each respective solenoid was placed directly behind them and the take was place perpendicular to the solenoids and cylinders near the outside of the box. Because of a misunderstanding, two spikes were mounted underneath the solenoids. The compressor was mounted upright on the bottom of the box and lastly the regulator was mounted slightly above the air tank.
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Figure 10 (Pneumatic Cylinder)
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Figure 11 (Cylinder Mount)


The compressor was wired to the spike that was run, then, to a 30 Amp breaker on the Power Distribution Board with 16-gauge wire. The spike was also run to a relay output on the Digital Sidecar. Each solenoid was connected to the pneumatics bumper on the cRIO.

c. Electrical Systems

i. Sensors


We have not at this point in time added any sensors to the Robot in a Box because of time and monetary constraints. In the future we hope to include at least one Potentiometer, a Hall Effect Sensor, a gyro, and a compass.  We also included a camera mount (Figure 10) but we have not yet been able to acquire a camera that is compatible with the new (2010) control system.
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Figure 12 (Camera Mount)

ii. Control System


The control system included in the Robot-in-a-box- is identical to the one which is required by FIRST. The documentation for this control system can be found on the FIRST website. This includes a cRIO, a Digital Sidecar and a Driver Station. We included a 2009 Driver Station and the ability to attach a 2010 Driver Station. The Sidecar and the Driver Station were both mounted on the bottom half of the left side (reference Figure 3).


We have yet to crate a true control panel and currently use two joysticks to control the robot in a box at the moment because two joysticks allow the most functionality at one time for a single person. We hope to create a control board in the future that would allow us to control the robot in a box just like whichever robot we happened to be testing at the moment.
IV. Conclusion 

a. Successes

This year, we have successfully utilized the robot in a box for testing mecanum drive. This was very important, as the team has never before tried this method of driving. Our code team was able to successfully load and test driving code onto the box and they were able to visualize its successes and the problems that they needed to fix. This was visualized through the Jaguars and their indicator lights. Two Jaguars would be programmed for the front two wheels and two for the back two wheels. Which motors were moving in a positive direction and which were moving in a negative direction told our programmers everything they needed to know about what they needed to do to code for mecanum drive.

b. Reflections


Another component that may be beneficial to add into the robot in a box would be a Victor speed controller with an Anderson connector so that different motors could be added and tested with ease when need be.


In the beginning, it had been planned to be able to move the important contents (those that corresponded directly with the year’s robot) out of the box onto a more portable platform that would come with us during competition. This was not well planned for during the creation of the box and now seems very difficult, but we hope that we may be able to make this less difficult in the future.

List of Components (Figure 13)

	Component
	Number Included
	Reference

	Globe Motor
	Four
	Figure 5, Pg 6

	Window Motor
	Two
	Figure 6, Pg 6

	BaneBots Motor
	One
	Figure 7, Pg 7

	CIM Motor
	One
	FRC Kit of Parts

	Pneumatic Cylinder
	Two
	Figure 10, Pg 9

	Single Solenoid
	One
	FRC Kit of Parts

	Dual Solenoid
	One
	FRC Kit of Parts

	Pressure Sensor
	One
	FRC Kit of Parts

	Pressure Regulator and Switch
	One
	FRC Kit of Parts

	Air Tank
	One
	FRC Kit of Parts

	Jaguar Speed Controller
	Eight
	FRC Kit of Parts

	Spike
	Two
	FRC Kit of Parts

	cRIO
	One
	FRC Kit of Parts

	Comressor
	One
	FRC Kit of Parts

	Power Distribution Board
	One
	FRC Kit of Parts

	Digital Sidecar
	One
	FRC Kit of Parts

	2009 Driver Station
	One
	FRC Kit of Parts 2009

	Camera Mount
	One
	Figure 12, Pg 10
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