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Abstract


This report provides in-depth details on the designing, testing, and verifications related to an electrical animal collar that utilizes GPS technology to guide a service animal on a user-recorded route. The collar features turn-by-turn directions that are executed by two vibrating motors. The device has location accuracy within five meters and a battery life of two hours. The user can record and store up to five routes on the device, and all of the routes can be backtracked at any point during the course. The animal collar is adjustable so that it can fit a variety of animal species of all sizes. The design of these features is explained in this report through the use of block diagrams, device schematics, waveform screen captures, various equations and calculations, software simulations, and field tests. The costs associated with the device, future work, and ethical considerations pertaining to the device are also discussed.
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1. Introduction

The initial idea to create a dog collar that used GPS technology to lead around a visually impaired person was conceived by Harrison Rose in November 2011 while listening to a guest lecturer in Animal Sciences 250. The concept was inspired based on the lecturer’s story of how her dog had been hit by a car after neglecting to stop at a curve and continuing to walk into oncoming traffic. Following the accident, the dog was unable to perform his duties as a service animal and its owner had no way to be led around the city. Harrison had taken the ECE 498: Global Positioning Systems class during the Spring 2011 semester, and thought that GPS could be used to assist the dog, as well as potentially help the disabled person achieve more independence. Harrison thought that ideally the device would use some sort of oral communication or vibration system to communicate with the human user and/or dog. 


After extensively researching the U.S. and European Patent Offices, only one similar system that utilized a harness that vibrated based on the users pushing of a button was found. Additionally, the patent showed that the device had not actually been created, but filed on concept/idea only. Thus, it was determined that Harrison’s idea was indeed unique and novel. 

1.1 Objective


After a group was assembled, it was determined that the objective of the project would be to provide visually impaired people with a fast, safe, and reliable method for exploring new points of interest. The device would utilize a GPS receiver to determine the location of the animal and person, and would use a collar outfitted with two motors to guide the service animal using vibrations. The device would support pre-programmed routes, user recordable routes, and reversing routes (backtracking).
1.2 Features


The device encompasses a variety of features that were customized with the user and his/her service animal’s convenience and safety taken into great consideration. The device generates turn-by-turn directions using two low-powered vibrating motors. The device is accurate to within five meters or greater of a waypoint, has a battery life of two hours, and an adjustable collar to accommodate all types of service animals. The unit can record and save up to five routes, and can backtrack any of the routes. 

2. Design
2.1 System Diagram and General Explanation


Based on research, the team decided that the unit would consist of a GPS chip that interfaced with a microcontroller that would then send output signals to animal collar control system. All of these components would be powered one power supply. A GPS chip was chosen, over an already assembled GPS unit so that the GPS navigation and directional components would be easier to interface with a microcontroller, and thus easier to create an effective vibration turning system. Two motors strapped to an adjustable animal collar would be used in the animal collar controls so that the left motor vibrating would indicate a left turn, and vice-versa for a right turn. Additionally, both motors vibrating would indicate a stop. The microcontroller would be used, along with a PC to program routes, as the user interface. Below is a block diagram detailing the design:
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	Module
	Description

	Power Supply
	The power supply consists of four nickel-metal hydride batteries to provide the power for all the necessary components of the device. It will also consist of a voltage regulator to convert the voltage to the required voltage for the other components.

	GPS Receiver
	The GPS unit consists of a receiver and an antenna that interfaces with satellites and the microcontroller to output the user’s position.

	Main Controller
	The main controller is responsible for processing data. It reads in data from the GPS receiver; which in turn is processed so that output directional data can be sent to the two motors. The main controller also contains the memory of the unit, which stores the user-recorded routes. 

	PC
	The user uses employ his/her personal computer to configure the unit so that the device can be programmed to record routes.

	Animal Control Collar
	The control collar consists of two DC motors, one on each side of the collar, that will are used to create vibrations in order to guide the service animal. The main controller will send the directional data into the motors. The physical collar is adjustable so that it can comfortably fit a variety of different size and breed service animals.

	User Interface
	The user interacts with the unit directly so that he/she can select destinations from memory or record a new route.


Table 1: Description of Modular Components

2.2 Modular Diagram and Explanations

Power Supply


The main power supply consists of four 1.2 [V] 2500 [mAh] nickel-metal hydride batteries connected in series. A 3.3 [V] linear voltage regulator (LM3940) will be required to convert the 4.8 [V] from batteries to the 3.3 [V] required by the other components. All the components draw a total 190 [mA] of current when they are all active. The 1 [A] maximum output current of the voltage regulator gives ample current for the components when they are active without shutting down the regulator. Figure 2 below shows the circuit for the power supply.
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GPS Receiver


Prior to beginning creating the project proposal and design review, extensive research was conducted on how GPS acquires routes, saves data, and the accuracy/precision of the GPS navigation solution. This information was of great importance for designing how the device would give directions to the service animal, record routes, backtrack from routes, and determining the accuracy of the navigation solution. It was determined through this research that GPS units use predetermined waypoints from a database (saved in the units memory unit) to give directions. Thus, it was decided that specific routes would then be loaded onto the device, and stored in the microcontrollers memory. At first, the idea to use supplemental memory was considered, however, it was determined that the microcontroller possessed enough memory to house several routes. The research also indicated that the accuracy of a GPS receiver depends on the various types of interference the signal undergoes on its path between the receiver and the satellite. The six most common forms of signal degradation include:


1) Ephemeris data: Errors in the transmitted location of the satellite (3 [m] on average)
2) Satellite clock: Errors in the transmitted clock of the satellite (2 [m] on average)
3) Ionosphere: Errors in the corrections of pseudorange due to ionospheric effects (5 [m] on average)
4) Troposphere: Errors in the corrections of pseudorange due to tropospheric effects (1 [m] on average)
5) Multipath: Errors caused by reflected signals entering the receiver antenna (1 [m] on average)
6) Receiver: Errors associated with the receiver such as noise, software, and biases. (1 [m] on average)
Average Errors in GPS Navigation Solution:

Average Error = [Ephemeris Error + Satellite Clock Error + Ionosphere Error + Troposphere Error + Multipath Error + Receiver Error]



 

(Equation 1)

=
3 [m] + 2 [m] + 5 [m] + 1 [m] + 1 [m] + 1[m] = 13 [m]

Thus, the sum of the average errors associated with each facet of hindrance yields an overall position error of about thirteen meters. However, the GPS chip (Skytraq Venus634FLPx) that we employed listed an accuracy of about 2.5 [m]. Potential errors in a solution can come from any direction, thus it was determined that the positional error should be modeled like a circle to represent this. 

2 x (Radius of Circle) = Diameter of Circle
=2 x 2.5 [m] = 5 [m]
     

 (Equation 2)

Thus, the team decided that a reasonable, yet still safe accuracy for location detection would be five meters. The GPS receiver uses a Universal Asynchronous Receiver/Transmitter (UART) interface to allow control from external sources and to send NMEA messages that contain the position information back to the controller. A schematic of the GPS receiver and Microcontroller can be found in Appendix B.

Main Controller

Based on the user interface, a microprocessor that could support all of the peripheral devices being used (two motors, eight switches, two UART, LEDs), and interrupt support was required. Because the device was built on PCB, the microprocessor needed to come in a package that was easy to solder. The microprocessor needed to have enough memory to satisfy the applications. Thus, a TI MSP430G2553 microprocessor was selected. Below is a detailed overview of the technical requirements of the microprocessor and the capabilities of the chip chosen.

	Aspect
	Requirement
	MSP430G2553

	UART
	Yes
	Yes

	GPIO
	8(switches) + 2(Motors) + LEDs, interrupt support
	16 GPIO – 2(UART)

Interrupt capabilities on all GPIO ports.



	Memory
	At least 8Kb
	16Kb Flash

	Package
	DIP, PDIP
	PDIP


Table 2: Microcontroller Specifications

Animal Collar Control Design


The Animal Collar Control mainly consists of two DC motors, one on each side of the animal. Figure 2.2 shows the circuit of one motor but the circuit is identical for both motors. The microcontroller will output a 20 [mA] signal to the motor when it is to vibrate. A transistor (2N229) is needed to amplify this current to the 80 [mA] required by the motor. To calculate the minimum current gain the transistor needs, Equation 3 is used
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 = 75. A resistor is also needed to limit the current flowing into the base of the transistor to prevent it from being damaged. To calculate the size of the resistor, one uses Equation 4:
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where 
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User Interface

The user interface consist of eight switches to control the device, and three LEDs that are used to let the user know when the device is locked onto satellites, enabling the route record function, and when a waypoint has been successfully saved. To select a route, the user switches one of the route switches 1-5. This instructs the device that one wants to be guided to destination indicated by the switch, one being far left and five being far right. After the destination is reached, the switch must be lowered before a new route can be activated. During the course of the route, if the user decides they would like to go back to their original location, the back track switch can be toggled. This instructs the device to reverse the routing information and direct the user back to the start of the route. With all of the switches in the off position, if backtrack is switched on and then a route is selected, the device will guide the user along the route backwards (starting at the last waypoint and finishing at the start point). To record routes, the user will flip the record switch and then flip the route that they wish to record. As the user walks through the route, at every waypoint (turn) the user will press the waypoint button to record that location as a waypoint. When the user has completed the route, turning the record switch off will end the route recording. 
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When this interface was designed, care was taken to ensure that users with vision impairments would be able to operate the device. To achieve this, tactile switches were used for almost all of the functions. To input waypoints, a push button was used instead of a switch because on/off would not make sense for this function. 
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2.3 Power Supply Analysis and Calculation


The power supply needed to be able to supply enough power to power the device for a minimum of two hours when the batteries are fully charged. When the device is active, the GPS unit and the microcontroller will draw 30 [mAh], totaling 60 [mAh] for two hours. The motors draw 80 [mAh] when they are active. During turns, one motor will vibrate for three seconds. While during a stop, both motors will vibrate for three seconds. Therefore, the current drawn by the motor will be


80 [mAh] / 3600 [sec] * 3 [sec] = 0.067 [mAh/turn]
(Equation 5)


2 * 80 [mAh] / 3600 [sec] * 3 [sec] = 0.133 [mAh/stop]
(Equation 6)


The average walking speed of a person is 4.5466 [ft/sec]. Looking at Google Maps, the average distance of one block is 500 [ft]. 


500 [ft] / 4.5466 [ft/sec] = 109.97 [sec]
(Equation 7)


109.97 [sec] + 10 [sec] = 119.97 [sec]
(Equation 8)


If given a 10 second wait at every block, the person would traverse one block in two minutes. For a typical case scenario where the person makes one turn every two blocks, totaling 30 turns during the two hour period. The lifetime of fully charged 2500 [mAh] batteries would be


0.067 [mAh/turn] * 30 [turns] = 2.01 [mAh]
(Equation 9)


2.01 [mAh] + 0.133 [mAh] + 60 [mAh] = 62.143 [mAh]
(Equation 10)


2500 [mAh] / 62.143 [mAh] = 40.23 [two-hour trips]
(Equation 11)


             For the worse case scenario, the person will be making a turn at every block, totaling 60 turns during the two-hour period. The lifetime of the batteries would then be


0.067 [mAh/turn] * 60 [turns] = 4.02 [mAh]
(Equation 12)


4.02 [mAh] + 0.133 [mAh] + 60 [mAh] = 64.153 [mAh]
(Equation 13)


2500 [mAh] / 64.153 [mAh] = 38.97 [two-hour trips]
(Equation 14)


Therefore, the user is suggested to recharge the batteries after having completed 35 two-hour trips.

2.4 System Function Diagrams and Explanations 


Below is a diagram detailing how the overall system functions.
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The codes for each system can be found in Appendix A. It should be noted that to detect the error, in preparation for turning, the square root function is not used since the microcontroller cannot perform complex calculations. Instead, the differences in the navigation solution and the database solutions for the latitude, longitude, and altitude is squared and summed. Thus, the system checks if the error is less than 25 [m] (or 52 [m]). 
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Turning System
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When a turn is detected, this block is called to calculate whether the turn is a right or left turn. Once the turn is detected, the process reads the current heading from the last GPS message received. This reports the heading in degrees from [0,359.9]. However, this is true heading, meaning that north is 0 ˚, east 90 ˚, etc. To compute the heading between the current location and the next turn, the location of the next turn is first pulled from memory. To compute the angle between these two points on the Cartesian plane, we used the c library function, found in math.h, atan2. This computes the inverse tangent of the two turn locations. However, it returns the angle in the range (-pi, pi]. Most of the computation done in this problem is to get the angles from the GPS and compute in the microprocessor on the same scale. To do this, first the calculated angle is converted to degrees, and then shifted so that now the angles lie in the range [0,360). However, the measurement of angles is still not equivalent. The angle reported by the GPS needs to be transformed so that it agrees with the natural angle convention. Flipping the angles and shifting by 90 ˚ accomplishes this. Now comparing the two angles reveals whether to turn left or right.
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Route Recording System

Route recording allows users to record custom routes onto the device. To implement this, we allocated one segment of memory to each of the five routes. Each segment is 512 bytes long. For each location, we need to store four floating point numbers at four bytes each. Four bytes are also saved to record the number of waypoints in the route. The maximum number of waypoints per route is then  floor((512-4)/(4*4)) = 31 waypoints. We deemed this sufficiently long for any walking route. As the user is recording the route, the route recording function stores the locations to memory sequentially until the user signals the end of the route. At this stage, the number of waypoints is saved the memory and the memory segment is locked against writing. It will only be unlocked again if the user chooses to re-record that route.
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When the backtracking function is turned on, the system simply changes the order that it moves through the turn locations. The memory which holds the sequential turn locations is transversed backward, allowing the turns to be detected in reverse order. When determining what direction to turn the system functions identically, except that the next waypoint location is now really the previous location in the forward routing context. This allows the turn function to be used the same whether the route is being played forward or backward.

3. Verification
3.1 Testing Procedures

See Appendix C for Testing and Verification Table

3.2 Simulation Results


For the design review, separate MatLab test code (based on the guidance and turn system code) was created to demonstrate how the system works given a predetermined route. The code for this can be found in Appendix A.  Below are graphs showing the results:
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These tests show that the guidance system closely follows a predetermined route, and that no turns were missed with an error parameter of 5 [m] (thus indicating that the average error in the navigation solution was below 5[m]). Thus, the guidance and turn system passed the bottom level verification. 



Pictured above is screen shot displaying the route recoding code successfully passing a simulation. The user flips a switch to begin recording a route, and then presses a button to indicate when to save the coordinates of a waypoint to the microcontroller. The user then edits the file on the microcontroller to add the corresponding direction of the LLA waypoint. This file is then read by the system and stored in arrays (the device’s route database) and can be read by the guidance and turning system.  The code was tested by creating a text file with coordinates and directions, which were then read in using MatLab and then stored. The motor vibration system was then tested by taking this stored data, using a loop to execute each the entire route, and then printing each turn to an output text file. 





These screen shots show the backtracking code and the motor vibration system passing a simulation. The code flips the order directions, however, all left turns need to become right turns (and vice-versa) for a return trip. Thus, an algorithm was implemented to change all of the left turns to right turns, and all of the right turns to left turns. The system is then goes through its usual guiding and turn methods, with directional output messages being sent to motors as detailed above. 

3.3 Testing Results


The image below shows a UART transmission between the GPS and microcontroller as view on an oscilloscope. This was used to verify the interface parameters. They are: one stop bit, no parity, and a bit period of 208 us. This image allowed us to insure that the interface was working as we expected.



To ensure that the motor output from the microcontroller was working correctly, we also used an oscilloscope in the same way. The motors used a 1 Hz PWM with a 50% duty cycle. By using the oscilloscope, we verified that the microcontroller was generating the correct waveforms. 

To test the accuracy of our GPS receiver, an iPhone application called GPS Instamapper was used to cross reference coordinates. The data from the GPS Instamapper application were also used as pseudo-coordinates for testing the aforementioned simulations. The mean error in the difference between our GPS receiver and the Instamapper application was 28.6474 [m]. While this error was rather large, it was not alarming because the two systems utilized different frames of reference. Below is a screen capture of the waypoints we recorded coordinates for using GPS Instamapper.


	Test #
	1st Point Error [m]
	2nd Point Error [m]
	3rd Point Error [m]
	4th Point Error [m]
	5th Point Error [m]
	6th Point Error [m]
	Average Error [m]

	1
	2.0
	8.0
	2.0
	N/A
	-
	-
	4.0 

	2
	9.0
	5.7
	2.0
	N/A
	-
	-
	5.57

	3
	1.0
	5.3
	4
	2.2
	-
	-
	3.125

	4
	4.0
	8.0
	6.7
	0.7
	-
	-
	4.85

	5
	2.0
	5.0
	3.0
	1.0
	-
	-
	2.75

	6
	2.1
	3.7
	0.8
	6.3
	4.7
	2.5
	3.35



Table 3: Turn Error Field Test Data

This data shows that the device was able to detect turns for the most part within the required accuracy, and thus passed the testing procedures.

4. Costs 


4.1 Parts
	Item
	Module
	Make
	Quantity
	Cost Per Unit*
	Total Cost

	GPS Chip
	GPS Receiver
	Skytraq venus638
	1
	$50
	$50

	GPS antenna
	GPS Receiver
	1575R-A
	1
	$12
	$12

	Motor
	Animal Collar Controls
	1226A
	2
	$1.95
	$3.90

	LEDs
	Animal Collar Controls
	HLMP3301 (red)
HLMP3507 (green)
HLMP3401 (yellow)
	3
	$0.30
	$.90

	Push Button
	Animal Collar Controls
	PB-126
	1
	$0.25
	$.25

	Switches
	Animal Collar Controls
	SW-45
	7
	$.40
	$2.80

	PCB
	Main Controller
	
	1
	$50
	$50

	Microcontroller
	Main Controller
	TI MSP430G2553
	1
	$2.20
	$2.20

	Resistors (100 Ohms)
	Animal Collar Controls
	
	3
	$.10
	$.30

	Resistors(620 Ohms)
	Animal Collar Controls
	
	2
	$.10
	$.20

	Capacitor(1 .47 uF, 1 33 uF)
	Power Supply
	
	2
	$.20
	$.40

	Batteries
	Power Supply
	Duracell 1.2V AA
	4
	$1.00
	$4

	Battery Case
	Power Supply
	
	1
	$1.30
	$1.30

	Collar
	Animal Collar Controls
	
	1
	$12
	$12

	Total Cost
	
	
	
	
	$140.25


Table 3: Parts List and Costs *When possible, the unit cost reflects volumes of 10,000
4.2 Labor 


($60.00/hr) x (2.5) x (150 hours) = $22,500



             (Equation 15)


Total Cost:


Parts + Labor = $140.25 + $22,500 = $22,640.25



(Equation 16)
5. Conclusion


5.1 Accomplishments


The final product of our device was an unquestionable success. The device is fully capable of recording up to five routes and backtracking the routes at any point during the trip. The entire animal collar system works correctly; with the left motor vibrating for left turns, the right motor vibrating for right turns, and both motors vibrating for a stop. The average error in accuracy, as it pertained to waypoints and turns, was 3.94 [m]; well below the 5 [m] threshold that we listed as a feature. The device performed perfectly during the final demonstration, and seldom missed turns during the extensive field-testing. 

5.2 Uncertainties


There are few uncertainties associated with our unit. Only the devices location accuracy and precision vary. These variations can occur as a result of poor signal integrity; which can be a result of inclement weather, proximity to large buildings, and other sources of interference. 

5.3 Future Work and Alternatives


There are several features that could be implemented into our device in the future. Most notably the precision and accuracy can be improved to provide the safest and most reliable routes for the user. Additionally, a course correction function could be implemented that would redirect the user to the correct route in the event that he/she made a wrong turn. Additional memory could be added to the device to support more than five routes as well loading routes from an online database. Originally it was intended for the device to have a curb detection feature implemented using an ultrasonic sensor. After further consideration, it was evident that the data we could collect with the sensor was not going to be enough. Using the average walking speed of a human and the maximum sampling frequency of the sensor we determined the maximum sampling frequency in linear feet.

3.1 [miles/hr] x 5280 [ft/mile] x 1/3600 [hr/s] x 1/2.28 [s/sample] = 1.99 [ft/sample] (Equation 17)
 
Curb detection with such a large distance between samples is impractical. The sampling points were so far apart that there was no reliable way to detect curbs. Additionally, the sensor can only be tilted a maximum of 15(. 
tan-1(X/Y) = 15(( Y = 2 [ft]/ tan-1(15() = 7.4641 [ft]



(Equation 18)


Thus, the sensor would have to be seven feet above the ground in order to see two feet in front of itself. We then found that the average height of a dog was 60 to 65 centimeters.

65 [inches]/2.54 [cm/inch] = 25.59 [inches]( 25.59*tan (15() = 6.8585 [inches] in front of the sensor. Based on the average height of a dog, the sensor would have only been able to see seven inches in front of the dog, thus putting the dog and its owner at an extreme risk. Therefore, given these unrealistic parameters including a curb detection sensor on our device would be useless and unethical. However, future designs of our unit could find a way to employ curb detection.

5.4 Ethical Issues


There have been several ethical issues that were considered when designing and implementing our idea. Most notably, it is imperative that all of our claims and features are precise and accurate. The intention of our device is to aid visually impaired people, and therefore the slightest miscalculation in the navigation solution or misdirection could result in serious injury or death to the service animal and/or the user. For instance, one-meter difference could cause someone to walk into oncoming traffic. This realization was greatly influenced by IEEE code of ethics bylaws 1, 3, 8, and 9. Additionally, we originally wanted to implement a curb detection sensor, however, upon calculating the minimum effective range of the sensor, we discovered that it would only be able to detect for a distance of six inches ahead of the service animal. We felt that this was not nearly a large enough range and would put the user and service animal in danger when approaching an intersection. The decision to ultimately exclude a sensor was made to adhere to IEEE code of ethics bylaws 1 and 9. There are other less conventional ethical issues associated with our unit. For instance, someone could preprogram a route, attach an explosive, and use the service animal as a weapon. Using our device for such purposes would be in direct conflict of IEEE code of ethics by laws 1, 5, and 9. 
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Appendix A: Codes

All codes can be found in the separate appendix file that is uploaded to the Team 27 section on the ECE 445 webpage. 

Appendix B: Supplemental Schematics and Figures

Figure 17: GPS Receiver and Microcontroller Schematic






Figure 18: PCB Layout 

 






Figure19: PCB Schematic 

Appendix C: Testing and Verification Table
	Module
	Requirement
	Test
	Verification
	Details of Completion

	GPS unit
	Location accurate to within five meters.
	Choose ten locations outside; five in open areas and five close to buildings. The error in location should no more than five meters.
	I. Using Google Maps, record the coordinates of five locations near buildings and five open-areas. Take the device to these places and measure the position using the GPS receiver.  Compare the measured coordinates with the actual coordinates, and ensure that they differ by no more than five meters. 
	Yes. See Figure 19 

	GPS unit
	Five meter precision turning
	Choose ten turns outside; five in open areas and five close to buildings. The device should not initiate a vibration for a turn further than a five meter radius prior around the turn. 
	Walk towards each of the turns, and stop as soon as the turn command is issued. Measure the distance between where the person has stopped and the actual turn location. Verify that this distance is less than five meters.
	Yes. See Table 4

	Motors
	Control the motors together and independently to give instructions

	Have the microcontroller run through each possible vibration command combination to demonstrate the control.
	I. Create a test program that cycles each motor independently using .25, .5, and 1 s pulses with 50% duty cycle. Use an oscilloscope to view the PWM signal from the transistor to ensure that the period and duty cycle of each wave is correct.

II. Using the oscilloscope, view the output waveforms directly at the output of the microprocessor. 

III. Connect the motors directly to the power source and verify that the motors run.
	I. Yes

II. Yes

III. Yes

	Microcontroller (Memory)
	Record routes so they can be successfully navigated


	Hit the record button, walk a route through the city, then hit stop. Return to the original location and select that route, and verify that the directions sent to the motors are correct.
	I. Using the record feature; walk a route and save each turn by pressing the waypoint button. Look at the recorded waypoints in memory using the PC, and verify the coordinates using Google maps. 

II. Verify that the memory is being written to correctly by writing a program that writes a known constant to memory. Using the programming interface, verify that the constant written to memory is in the correct location 
	I. Yes

II. Yes

	Microcontroller
	GPS chip communicates with microcontroller using UART to send NMEA messages
	Develop a testing function on the microprocessor to implement only the UART interface and store the data to memory.
	I. Run the test function, then view the stored data in the microprocessor memory. Ensure that the data is in the correct format according to the NMEA standard defined in the Skytraq datasheet.

II. Connect the transmit pin of the GPS chip to an oscilloscope and verify that the chip is sending data, and verify that the signal has the correct voltage levels.
	I. Yes. See Figure 18

II. Yes

	Microcontroller (Memory)
	Can generate return route at any point during route
	Start walking a route, then hit the backtrack switch. Verify that the directions are correct on the return route.
	I. Walk the route forwards, then backtrack and verify the turns are in the same location.

II. Using the debugging feature, verify that the pointer increment has changed to decrease instead of increase, or in the case of navigating backwards, that the pointer starts at the end of the array.
	I. Yes

II. Yes

	Power Supply
	Full charged battery yields a minimum of two hours of device use
	Walk various routes for two hours without powering device off
	Fully power on the device, and use a digital multimeter to measure the power being drawn from the batteries. Verify that this power draw is in range of the batteries limits.
	Yes


Table 5: Testing and Verification Procedures
Figure � SEQ Figure \* ARABIC �1�: Modular Block Diagram of Service Animal Collar





Figure � SEQ Figure \* ARABIC �2�: Circuit Diagram of the Power Supply





Figure 3: Circuit Diagram of the Motors





Figure � SEQ Figure \* ARABIC �3�: LED Schematic





Figure 4: Switch Circuit Schematic





Figure 6: Block Diagram of System Overview





Figure 7: Turning System Diagram





Figure 8: Route Recording Diagram





Figure 9: Backtracking System Diagram





Figure � SEQ Figure \* ARABIC �4�: Testing the Accuracy of the Turn System for the Y-Direction





Figure 10: Testing the Accuracy of the Turn System for the X-direction





Figure 12: Screen Shot of the Route Recording Code reading in the LLA coordinates and Turn Directions from a text file





Figure 13: A screen shot showing the route directions being reversed as part of the backtracking system





Figure 14: Another screen shot showing the route being reversed and then directions being sent to an output file (simulating sending directions to the motor)





Figure 15: Screen Capture of UART Interface





Figure 16: GPS Instamapper Map
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