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Dear Dr. Marpaung,

This report is meant to inform you of the progress we have made towards completing a robot to compete in the 2016 Mercury Challenge. It covers our current progress so far, as well as our goals for the 2015 Fall semester, as well as our plans for completing said goals. At this point, we have constructed a successful prototype robot in order to test our basic movement code, as well as the feasibility of using the CC3200 microcontroller for this task. We are currently planning another prototype to test the possibility of using Mecanum wheels, as well as the implementation of stronger motors (80 oz.-in torque), which will enable us to climb the see-saw, of which we have built a scale model for testing purposes. We have also managed to use a Raspberry Pi B+ to stream a live video feed over Wi-Fi. At this time we appear to be ahead of schedule and on budget. 
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Abstract
We of Team Mercury have entered the 2016 Mercury Robotics Competition in hopes of winning first place and spreading the renown of the University of Houston. To do this, we are constructing a robot that will be able to be directly piloted through an obstacle course over Wi-Fi by a pilot situated at least 50 miles away. The robot will have to be able to move forward and backwards, make precision left and right turns, be able to climb a 30 degree incline without falling off, and be able to grab, secure, and throw a 2-oz bean bag to the center of a 6 foot radius circle. It will also send a live video feed and data from mounted distance sensors to the pilot in order to assist in navigation. For the Fall semester, we are focusing on the robot’s basic movement functions (forward and reverse motion, left and right turning, climbing the incline) as well as the live video feed. In order to climb the incline, we are using motors with approximately 80 oz.-in. torque, as well as wheels with a 0.5 in. radius. We will be using a TI CC3200 to receive commands from the pilot and control the motors. A Raspberry Pi B+ will be used to send a live camera feed and data from the distance sensors to the pilot. We have built a basic prototype to test the motor driver code. It is capable of all basic movement listed above, as well as climbing the incline. We have acquired stronger motors and shall be installing them on a more advanced prototype in the near future. We are also currently able to stream live video through the Raspberry Pi over Wi-Fi.
Purpose and Background

The purpose of our project is to spread the renown of University of Houston. We hope to accomplish this by competing in, and winning, the Oklahoma State University 2016 Mercury Robotics Challenge. In order to accomplish this, we are building a robot capable of navigating an obstacle course with speed and precision. The robot must be able to navigate sharp turns, curving paths, and straightaways with speed and precision, climb a 30 degree inclined see-saw, and secure and launch a 2oz. bean bag into to the center of a 6 foot radius circle. The robot will be controlled over Wi-Fi by a pilot situated at least 50 miles from Oklahoma State University.
Problem, Need, and Significance


The problem presented by our project is that we need to be able to win first prize at the 2016 Mercury Challenge. To do this, we need to design and construct a robot able to overcome all of the challenges obstacles in a quick and precise manner. We hope that winning first prize at the Mercury Challenge will help spread the renown of the ECE department at the University of Houston, as well as assist in making a good name for the university as a whole.
User Analysis
The intended user of our robot will be our group members. We will need one member to become acquainted with the actual piloting of the robot, while the others will need to be able to set up and operate the robot at the competition site. The pilot will need to be able to interpret both the video feed and distance sensor values being sent to them by the robot, as well as being able to use this data to properly navigate the obstacle course. The pilot will be using a laptop computer to both display the data being received from the robot, and control the robot using the keyboard. Movement will be controlled by the W, A, S, and D keys, using what is colloquially known as “tank controls”. The other team members, who will be situated at the competition site, will need to be able to set up the robot for use in the obstacle course, as well as perform any necessary maintenance. This will primarily involve being able to forward the modem ports necessary for use with the robot’s online functionality.
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Overview Diagram
:
Figure 1 demonstrates the overview diagram for our project
.



Target Objective & Goal Analysis
Our ultimate target objective for this project is to create a robot that can win the 2016 Mercury Robotics Competition at the Oklahoma State University. As of the end of this semester, we have been able to build a robot that can be controlled locally via Wi-Fi; that is, the robot can move forward and backward, turn left and right, move northwest, northeast, southwest, and southeast while connected wirelessly through the local Wi-Fi network. The robot is able to traverse through a series of obstacles, such as radii varying serpentines,[image: image2.png]45°,90°,180°



, and [image: image4.png]360°



 turns, and climb a [image: image6.png]30°



 inclined see-saw. It is also capable of broadcasting live video feed via a forwarded port using a RaspberryPi module.
The completed robot must be able to quickly and precisely navigate a series of obstacles, as well as pick up, secure, and throw a bean bag to the center of a [image: image8.png]6ft.



 radius circle. The robot will be directly controlled over Wi-Fi by a pilot situated at least [image: image10.png]50



 miles away from Oklahoma State University. The robot will send live video feed and distance measurements to the pilot for assistance with the robot navigation. Figure 2 shows a brief flowchart summary of our goals for Fall 2015 and Spring 2016 semesters.

Goal Analysis

Engineering Specifications and Constraints

The robot that we will design will be capable of communicating with the user via Wi-Fi from at least 50 miles away. This robot will be small enough to be able to complete a track that is [image: image12.png]24 in.
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) wide surrounded by [image: image16.png]3 in.
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) tall foam board walls. This means that the dimensions of the robot should not exceed ([image: image20.png]14X72 X112
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  in.) for it to traverse the track without touching the walls. The track will have several obstacles. Obstacles consist of a variable radius serpentine road, a[image: image22.png]3 ft.



, [image: image24.png]90°



 tunnel, acquiring a [image: image26.png]2 oz.



 bean bag, traversing a [image: image28.png]30°



 see-saw incline with no guard walls, delivering the bean bag at a target within a [image: image30.png]6 ft.



  radius delivery zone and sprinting through a [image: image32.png]45 ft.
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 straight line to the finish. Figure 3 demonstrates this year’s full track.
The structure of the robot will be consisted of four [image: image36.png]


 diameter wheels, [image: image38.png]14X72 X112
2 2



 in. chassis, a robotic arm (dimensions to be decided next semester), four [image: image40.png]47:1



 metal gear-motor rating [image: image42.png]6V,210 rpm, 80 oz.—in.



 torque, one stepper motor for arm movement, one CC3200 Wi-Fi/MCU Launchpad, multiple motor control drivers, multiple ultrasonic sensors, RaspberryPi module, IP camera, AA batteries, and a [image: image44.png]5000 mAh



 rechargeable battery. Figure 4 demonstrates the second prototype for our project. Final appearance of the robot will be different from the one in Figure 4.
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There are multiple constraints in achieving a desirable result at this competition. The main constraint will be the wireless communication through a reliable Wi-Fi port. When user attempts to control the robot from at least 50 miles away, an issue of latency and loss of signal arises. A cloud service plan will be used to minimize the risks related to the user-robot communications.
The second constraint is the time. Each team will be allowed a maximum of 15 minutes of operating time during the competition. The 15 minutes is divided into two sections; 5 minutes for setup and 10 minutes to run the track. Each team is also allowed to make up to 3 runs as the 10 minute time window will allow [1]. Accuracy and speed play a very important role during this stage. The next constraint is the ability to successfully climb the see-saw incline with enough torque and stability without losing control of the robot. The ultimate goal is to deliver the load to a target zone. This can be achieved by utilizing a catapult motion to throw the load to the center of the [image: image47.png]12 ft.



 diameter circle. This could be a great constraint and is subject to many various research. Further details about the robotic arm will be discussed and disclosed during the spring 2016 semester.

Statement of Accomplishments

A third prototype has been constructed for the Mercury project (see Figure 5). This current prototype has the ability to move forward and backward, turn left and right, strafe left and right, as well as move in the northwest, northeast, southwest, and southeast directions at 45 degrees. These movements are made possible by the utilization of a special type of wheels called Mecanum wheels. Figure 6 on the next page shows how the Mecanum wheels are manipulated to move the robot in the intended direction.
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The Texas Instruments CC3200 Launch Pad manages the Mecanum wheels and the accompanying motors. The code for the CC3200 that was written in Energia for the second prototype was modified to add the additional buttons to control the unique characteristics of the wheels. Figure 7 below shows the new motor control webpage for the third prototype.
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In order for the 7.5-pound prototype with 100-mm wheels to climb the 30-degree incline, motors with individual torque value of about 200 oz-in are needed. The following steps show how to determine the minimum torque.///
[image: image59.png]Force = sin(30°) mg = 0.5(3.40194 kg) (9.80665 :"—2)
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Since extra modules are yet to be added in the future (e.g., robotic arm, distance sensors, etc.), a torque value of 200 oz-in is a good choice for accommodating up to 5 pounds of additional weight. Currently, the third prototype cannot climb the incline because the right motors that were ordered online have yet to arrive; however, the second prototype can climb the incline successfully. This is possible because its motors share a torque value of 11.11 oz-in, and the minimum torque is 10.5 oz-in.
The Raspberry Pi Model B+, running on Raspbian, can now stream a live video feed from the Pi camera module to a monitor through a wireless Internet connection. It utilizes a Raspberry Pi Camera Module and the RPi Cam Control program to output a live video feed that is accessible through any web browser by connecting directly to a forwarded port on the camera’s host Wi-Fi network. The current stream was tested using a home Wi-Fi network with an average of 60 Mbps download speed and an average of 5.5 Mbps upload speed as the host network. We used the UH Wi-Fi network, which was measured at 75.86 Mbps download speed and 96.13 Mbps upload speed, to connect the destination terminal. We observed a consistently smooth stream with no significant lag, and only minor stuttering on rare occasions.

Engineering Standards

IEEE 802.11 Wireless LAN Standards

The 802.11 specifies an over-the-air interface between a wireless client (i.e., any device that uses Wi-Fi) and a base station (e.g., a wireless router) or between two wireless clients [2]. There are several specifications in the 802.11 family, but only 802.11b/g/n will be explained below (since the TI CC3200 has support for these three versions).

· The 802.11b (also referred to as 802.11 High Rate or Wi-Fi) standard has a maximum theoretical data rate of 11 Mbps. Devices using 802.11b experience interference from other products operating in the 2.4-GHz band (e.g., microwave ovens, Bluetooth devices, cordless telephones, wireless keyboards). The signal is good for up to about 150 ft., but it can go up to 300 ft. [3][4]
· The 802.11g standard has a maximum data rate of 54 Mbps and operates at the same 2.4 GHz frequency range as the 802.11b; it also shares the same maximum signal range of 300 ft. [3]
· 802.11n builds upon previous 802.11 standards by adding multiple-input multiple-output (MIMO) technology; it supports a maximum data rate of 300 Mbps with 2 antennas and 450 Mbps with 3 antennas, and it operates at the 2.4 GHz band as well as at the 5 GHz band. The 802.11n has longer range than the previous two—up to 1200 ft. [2][3]
Budget

Table 1 shows the budget spent on hardware for this project. The total budget for the hardware is calculated to be $959.68.

Table 1: Total hardware budget for project

	Item(s)
	Part
	Price/Item
	Total

	2
	Robot Chassis
	$50.00
	$100.00

	4
	Mecanum Wheels
	$34.99
	$139.96

	4
	Motors
	$39.95
	$159.80

	2
	Stepper Motor
	$39.99
	$79.98

	2
	Motor Control Driver
	$60.00
	$120.00

	2
	Stepper Motor Control Driver
	$20.00
	$40.00

	1
	IP Camera Module
	$29.99
	$29.99

	3
	TI CC3200 Wi-Fi/MCU Launchpad
	$29.99
	$89.97

	1
	Adurino Mega 2560 r3
	$29.99
	$29.99

	1
	Raspberry Pi Module
	$19.99
	$19.99

	1
	Robotic Arms
	$50.00
	$50.00

	4
	Breadboard
	$10.00
	$40.00

	3
	AA Alkaline Battery
	$10.00
	$30.00

	2
	Ultrasonic Sensor Module
	$15.00
	$30.00

	
	
	TOTAL =
	$959.68


Table 2 shows the software budget for this project. Energia supports for microprocessor CC-3200, Raspian is used for Raspberry Pi. The software used throughout this project is provided at no charge.

Table 2: Software budget

[image: image62.emf]Software Price

Rasperry Pi $0.00

Energia  $0.00

TCP/IP $0.00


Table 3 demonstrates the total labor budget for this project. We estimated the labor for each team member to be $35/hour and $150/hour for consultants. We will spend 480 hours for this project and 80 hours for advisors.

Table 3: labor budget

[image: image63.emf]People Getting Paid price/hour Estimated Total Hours Total

Team members $35.00 480.00 $16,800.00

Consultants $150.00 80.00 $12,000.00


Table 4 shows the total budget for this project. The total budget for our project is estimated to be $29,759.68.

Table 4: Total budget for the project

[image: image64.emf]Hardware $959.68

Software $0.00

Teams Labor $16,800

Consultants $12,000

Total $29,759.68

Budget


Risks


The most probable risks in this project are low-quality Wi-Fi connection at OSU, time constraints, and possible damage incidents for the robot during the runs. Wi-Fi disconnection has a huge impact to the success and failure of this project. The interrupting connection could cause a delay or lag for broadcasting video to the pilot. In such case, accurately controlling the robot would be a challenge.

We only have ten minutes for three runs during the competition, therefore, the time constraint will be a big challenge for us to manage. The robot has to run quickly without hitting the walls. Furthermore, there could be possible damages to the robot while proceeding down the see-saw. The battery can also play an important role in the competition. We need to make sure that the output power of the battery would be enough to run the robot 
Conclusions

We of Team Mercury hope to increase the renown of the University of Houston by winning the 2016 Mercury Robotics Competition. In order to accomplish this, we are building a robot capable of navigating an obstacle course with speed and precision. The robot will have to navigate long straightaways and tight turns with speed and precision, successfully climb a 30 degree inclined see-saw, and pick up, secure, and throw a 2oz. bean bag to the center of a 6 foot radius circle. The robot will be controlled over Wi-Fi by a pilot situated at least 50 miles from Oklahoma State University. To date, we have already completed the goals of enabling a live-video feed using a Raspberry Pi B+, as well as building a prototype that can be controlled through a CC3200 to move forwards, backwards, and turn left and right. We are currently working on another prototype that will implement more powerful motors, enabling it to climb the 1:1 scale model see-saw that we have built. 
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Figure 1: A brief overview diagram of the semester long project. Some parts are excluded, but the main parts are shown in the figure above.





Figure 2: A summary of the Goals Analysis, demonstrated as a flowchart. The legend to the lower left explains the progress of this project and the final Target Objective is labeled in Red.





Target Objective


Complete the Mercury competition with a total score of 80 points or greater
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Robot camera can stream live video





Robot can grab/throw a bean bag





Robot can communicate with pilot over WiFi from over 50 miles away
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Robot arm can move up and down, and claw can open and close





Done








Figure 3: OSU competition full track [1]





Figure 4: Mercury second prototype robot





Figure 5: Mercury third prototype





Figure 6: Directions the robot will go based on different rotations of the wheels.





Figure 7: The modified motor control webpage added six more buttons to control the unique characteristics of the Mecanum wheels.
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