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I. ABSTRACT

Improvised explosive devices (IEDs) have caused more than 2,000 death and several thousand more casualties to U.S. troops in Iraq alone.  These explosives are often buried next to roads and triggered when a vehicle drives over or near the device.  Oftentimes troops are given information on where these devices may be located, but don’t have an exact location.
Robotics has become an important field within the military.  To assist in the effort to reduce the amount of casualties caused from IEDs, LILRO (Let it Load Rover) was designed to detect and destroy IEDs.  By programming the coordinate of a suspected IED, LILRO will navigate to those coordinates autonomously and begin to detect a low frequency emitting from the IED and will then deliver a payload to destroy it.


II. PROJECT DESCRIPTION

The goal of this design is to assemble an automated vehicle that when given three sets of GPS coordinates, will be able to guide itself and deliver a small payload.  The requirements for the project are: the vehicle must fit in a 20”x20”x20” cube, have a labeled emergency cut-off switch, complete the run in under two minutes, be self-contained and autonomous, as well as fit within a $750 budget.
To fulfill these requirements, we are going to use an RC car outfitted with an Arduino Due microcontroller that will be paired with: 
-GPS
- Magnetometer
-Antenna (Designed for low frequency reception)
-Ultrasonic Sensors  
To make the car autonomous the microcontroller will control the steering servo as well as the electronic speed controller.  To guide the vehicle, the GPS module will provide a rough estimate of the current location, and the magnetometer will provide a heading.  Once the vehicle arrives at the coordinates, it will then begin to sweep that location using the antenna that will be designed to pick up low frequency sinusoidal waves (around 80 kHz).  This will provide better accuracy on the actual location of the IED.  Lastly, the vehicle will be equipped with an ultrasonic sensor to provide the microcontroller with object detection.  When an object is detected in front of the vehicle, the microcontroller will use a programmed algorithm to overcome it.  Once the payloads have been delivered to the designated areas, the vehicle must then navigate back to the original starting location.

III. BLOCK DIAGRAM
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IV.MOCK ILLUSTRATIONS
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Figure 1 above: Full Vehicle Construction
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Figure 2 above: Close Up View of GPS

V. PERFORMANCE REQUIREMENTS

1. The vehicle must start and finish at the specified start box
2. The vehicle must navigate autonomously to the given GPS coordinates
3. The vehicle must be proficient in avoiding objects en route to GPS coordinates
4. The vehicle must efficiently detect the 80 kHz signal emitting from the beacons located at each GPS coordinate
5. The vehicle must be able to drop the payload within one foot of each beacon
6. The vehicle must have an emergency kill switch in case of electronic or mechanical malfunction



VI. TESTING PROCEDURES
	
	To verify the functionality and performance of our design, our initial step is to test all the individual components separately. They will be quantified by the requirements listed in the proceeding section. Once all the components function as desired, they will be integrated together and tested as one entity. 

VII. BENCHMARKS
Motor
Initially, the motor will be tested without the microcontroller connected on different terrains, such as pavement, gravel, and grass. Once the microcontroller is fully integrated with the chassis, it will be retested on similar terrain as in initial testing.
Steering Servo
Similar to the motor, the steering servo will be tested without the microcontroller and sensors to gauge its performance under differing terrains and weather conditions. After the microcontroller and GPS are interfaced with the servo, it will be retested under the same conditions as stated above.
GPS
The GPS, or Global Positioning System, will be initially tested by connecting to a computer with an FT232 USB to UART chip to measure the degree of accuracy. We plan to test the accuracy under various weather conditions to obtain an accuracy of 2 meters, or 7 feet.  Once the accuracy is calculated and accounted for, it will be added to the vehicle. 
Electromagnetic/VLF Detector
The VLF (very low frequency) detector will comprise of a loop stick antenna, envelope detector and an amplifier. It will detect the 80 kHz emitting from the beacon provided despite the orientation and distance of the loop stick antenna from the beacon. To determine if it is operating satisfactory, it should be able to detect the beacon from 4 feet away while being able to handle the exponential increase in the voltage signal from the beacon.
Magnetometer
The magnetometer will be tested in conjunction with the GPS to provide the direction of true north. It should be able to effectively point to reference direction despite the changing magnetic field of the earth and the distance from the ground plane. As well, the sensor must be able to zero out or cancel the interference from the VLF detector.
Ultrasonic Sensor
[bookmark: _GoBack]The ultrasonic senor should be able to detect an object despite the varying speeds of the vehicle within 50 cm, or 20 in. First, it will be tested in the lab using simple objects (i.e., hands) to measure the effective range and speed. Secondly, it will be put onto the vehicle to gauge its performance with varying speeds.
Power Management
Power for our vehicle will be provided by two sources; a dedicated battery for the chassis, and a power supply for the electronics. To gauge the performance, the motor will be operated at different speeds while it is connected to the microcontroller to ensure the microprocessor can handle the strain. The power supply for the electronics will be tested with the GPS operating at different modes to strain and test the supply. In either case, they should provide steady, consistent voltages and currents to our vehicle.

VIII. Project Plan
Our team consists of a diverse group of 6 and by using our strengths and teamwork, we will be able to fulfill our performance requirements on time and in an efficient manner.  By splitting the team up into groups of hardware and software teams, our teams can focus on a specific design part, working in parallel with the other team.   Our software team will primarily be working with the microcontroller as well as any sensors that need to be integrated with the aforementioned device. Our hardware team will be focused on the construction of the vehicle as well as any testing that needs to be done to ensure consistent results.  The LILRO Team will meet performance deadlines, as shown in the Gantt chart, as well as significant progress in the development of our project, as shown in the Milestones List.

	Software Team
	Hardware Team

	Hugo Mayoral
	William Dorrance

	Bernen Alba
	Neil Abadejos

	Scott Lewis
	Mark Novilla







IX. Milestones
3/10/14
1. GPS tests for error of margin.
3/24/14
2. Antenna amplifier testing for amplitude signal detection.
3/28/14
3. Magnetometer directional calculations integrated.
4. Ultrasonic distance calculations derived and integrated.
4/14/14
5. Steering servo fully integrated with microcontroller.
 4/23/14
6. Payload Delivery System is fully integrated with microcontroller.
7. Vehicle is fully assembled and ready for autonomous testing.
5/1/14
8. Vehicle is able to perform a beacon search and drop a payload within its vicinity.
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X. Cost Analysis


	Item
	Quantity
	Cost ($)

	RC Car Kit
	1
	$296.79

	GPS Module
	1
	$47.22

	Arduino Microcontroller
	1
	$44.95

	Magnetometer
	1
	$20.08

	USB to Serial Board
	1
	$20.08

	Ultrasonic Sensor
	1
	$7.03

	Power System
	1
	$50

	Antenna
	1
	$50

	Servo
	3
	$30

	PCB Fabrication
	1
	$30

	Payload Delivery System
	1
	$20

	Miscellaneous
	

	$30

	

	

	


	Total Budget
	

	$750

	Total Cost
	

	$646.15

	Remaining Budget
	

	$103.85
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Figure 3 : Cost Analysis Pie Chart
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ID Name DurationStart Finish

3 Design Project 74 daysTue 2/4/14Fri 5/16/14

4 Microcontroller

5           Research 18 daysTue 2/11/14Thu 3/6/14

6           UART Communication (connection to sensors) 18 daysTue 2/11/14Thu 3/6/14

7           Testing and Integration 41 daysFri 3/7/14 Fri 5/2/14

8 GPS

9           Research 13 daysTue 2/11/14Thu 2/27/14

10           UART communication testing from Microcontroller 7 days Fri 2/28/14Mon 3/10/14

11           Tests for Functionality and Error of Margin (scatter plot data analysis)7 days Fri 2/28/14Mon 3/10/14

12           Integration with Microcontroller 7 days Tue 3/11/14Wed 3/19/14

13 Antenna

14           Research 18 daysTue 2/11/14Thu 3/6/14

15           Construction 7 days Fri 3/7/14 Mon 3/17/14

16           Amplifier Testing for Amplitude Signal Detection 5 days Tue 3/18/14Mon 3/24/14

17 Magnetometer

18           Research 18 daysTue 2/11/14Thu 3/6/14

19           I2C serial Interface Testing with Microcontroller 7 days Thu 3/13/14Fri 3/21/14

20           Basic Functionality Testing 5 days Mon 3/24/14Fri 3/28/14

21           Directional Calculations 5 days Mon 3/24/14Fri 3/28/14

22 Ultrasonic Sensor

23           Research 18 daysTue 2/11/14Thu 3/6/14

24           Testing 3 days Sat 3/22/14Tue 3/25/14

25           Distance Calculations 3 days Wed 3/26/14Fri 3/28/14

26           Integration with Microcontroller 5 days Mon 3/31/14Fri 4/4/14

27           Integration with User Interface (LED Display to show distance)3 days Mon 4/7/14Wed 4/9/14

28 Steering (Servo)

29           Research 18 daysTue 2/11/14Thu 3/6/14

30           Control and Testing Through Microcontroller 5 days Fri 3/28/14Thu 4/3/14

31           Integration with All Sensors  7 days Fri 4/4/14 Mon 4/14/14

32 Speed Controller

33           Research 18 daysTue 2/11/14Thu 3/6/14

34           Method Decision (50% or gear change method) 5 days Fri 3/28/14Thu 4/3/14

35           Method Testing 5 days Fri 4/4/14 Thu 4/10/14

36 Power Consumption
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36 Power Consumption

37           Research 18 daysTue 2/11/14Thu 3/6/14

38           Power Supply Design 5 days Fri 3/28/14Thu 4/3/14

39           User Interface LED Display for Electronic and Vehicle Supply5 days Fri 4/4/14 Thu 4/10/14

40           Emergency Kill Switch (Red) 3 days Fri 4/4/14 Tue 4/8/14

41 Payload Delivery System

42           Research 18 daysTue 2/11/14Thu 3/6/14

43           Design 3 days Tue 4/8/14Thu 4/10/14

44           Drop Method 3 days Tue 4/8/14Thu 4/10/14

45           Construction 3 days Fri 4/11/14Tue 4/15/14

46           Testing 3 days Wed 4/16/14Fri 4/18/14

47           Integration with Microcontroller 3 days Mon 4/21/14Wed 4/23/14

48 User Interface 

49           Research 18 daysTue 2/11/14Thu 3/6/14

50           4 LED Battery Warning Display 3 days Tue 4/8/14Thu 4/10/14

51           Object Detection LED Digital Display with Ultrasonic Sensor3 days Mon 4/14/14Wed 4/16/14

52 Full Vehicle 

53           Construction  5 days Thu 4/17/14Wed 4/23/14

54           Autonomous Vehicle Functionality Testing 11 daysThu 4/24/14Thu 5/8/14

55

56 Design Project Proposal 23 daysTue 2/4/14Thu 3/6/14

57 Oral Presentation #1 (Oral Project Proposal) 8 days Fri 3/7/14 Tue 3/18/14

58 Mini-Project Demo and Report Deadline 27 daysThu 2/13/14Fri 3/21/14

59  Oral Presentation #2 (Oral Progress Report) 6 days Tue 4/8/14Tue 4/15/14

60 Preliminary Website Online 23 daysThu 3/13/14Mon 4/14/14

61 Engineering Ethics Report Due 7 days Wed 4/16/14Thu 4/24/14

62 Practice Final Oral Presentation 6 days Thu 4/24/14Thu 5/1/14

63 Final Oral Presentations 9:30AM - 12:00PM Tue 5/6/14

64 Final Website online to be graded Thu 5/8/14

65 Design Day Fri 5/9/14

66 Final Report due 4PM Fri 5/16/14
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