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Introduction
The purpose of this project was to design an automated robotic waitress that is capable of traveling through given set points in order to serve food to various tables in a Japanese sushi restaurant setting. The robot would have to travel on table tops because it may be trampled on the floor due to its small size. Proximity sensors as well as a tilt sensor were used to detect any objects blocking the path of the robot or to indicate that the “waitress” had tipped over. Another sensor on the tray checked if the tray has been emptied so as to determine whether the robot could go back to the control center. The robot would communicate wirelessly through an RF interface to a control center to acquire the given path to travel, to signal alerts, and also send its current status. By counting the number of rotations of the motor, a reasonable estimate of the robotic waitress’ position could be calculated. With this information, the control center had the ability to re-route the path of the robotic waitress using a software algorithm if needed. An intuitive user interface would be provided at the control center computer. This software would allow the user to monitor the current status and position of the robot, load and re-load a new map for the restaurant, and also call the robotic waitress back to the control center at any point in time.
Reliability analysis
Four components that were thought to have the greatest probability of failing based on complexity of operation, heat dissipation and power consumption were chosen for reliability analysis. These components were the MAX667 (Programmable Low-Dropout Voltage Regulator), the RXM-418-LC-S-ND (RF receiver module), the TXM-315-LC-ND (RF transmitter module), and the ATMEGA32-16PI-ND (Atmel micro controller). These components were chosen because they tended to generate the most heat and they were critical to the correct working of the design. Constant failure rates of these devices were calculated based on 106 hours of operation (λ P). The MAX667 failure rate was determined from Eq.1 below whereby λP is the number of failures per 106 hours of operation. [1] The equation for MTTF (mean time to failure) is listed as in Eq.2 below.
λP = (C1πT + C2πE) πQπL (Eq.1)

1/ λP = MTTF (Eq.2)
The parameter values in Eq.1 depend on various environmental constants as well as how the MAX667 is designed. C1 is the die complexity, πT is the temperature coefficient, C2 is a constant based on the number of pins, πE is an environmental constant, πQ is the manufacturing quality factor and πL is the learning factor which is based on how long the component has been in production. It was assumed that environmental temperatures would range between 25°C and 45°C. Table 1 lists the parameter values for the MAX667; the assumptions made and calculated failure/106 hours and MTTF.
	Parameter
	Assumptions

	C1 = 0.01
	Linear device, number of transistors < 100 [1] , [3]

	πT =  180
	TJ < 150 °C [1], [2]

	C2 = 0.0026
	Hermetic, DIP, 8 pins [1], [2]

	πE = 2
	Ground fixed environment [1]

	πQ = 1
	High quality commercial device [1]

	πL = 1.0
	ICs more than two years in production [1], [3]

	λP = 1.8052

	MTTF = 0.554 × 106 hrs


Table 1: Component Reliability Analysis for MAX667
The RXM-418-LC-S-ND and TXM-315-LC-ND were treated as surface acoustic devices which utilize Eq.3 to determine the failures per 106 hours.
λP = 2.1πQπ E (Eq.3) [1]
Table 2 lists the parameter values for both the RXM-418-LC-S-ND and TXM-315-LC-ND; the assumptions made and calculated failure/106 hours and MTTF.

	Parameter
	Assumptions

	πQ = 1
	No screen levels beyond best commercial practice [1]

	πE = 2
	Ground fixed environment [1]

	λP = 4.2

	MTTF = 0.238 × 106 hrs


Table 2: Component Reliability Analysis for RXM-418-LC-S-ND and TXM-315-LC-ND
For the ATMEGA32-16PI-ND, Eq.1 and Eq.2 were used to determine the failures/106 hours and MTTF respectively. Table 3 lists the parameter values for the ATMEGA32-16PI-ND; the assumptions made and calculated failure/106 hours and MTTF.

	Parameter
	Assumptions

	C1 = 0.14
	MOS, 8 bits [1], [4]

	πT =  1.5
	TJ < 100 °C [1], [4]

	C2 = 0.015
	Hermetic, DIP, 40 pins [1], [4]

	πE = 2
	Ground fixed environment [1]

	πQ = 1
	High quality commercial device [1]

	πL = 1.0
	ICs > two years in production [1], [4]

	λP = 0.24

	MTTF = 4.167 × 106 hrs


Table 3: Component Reliability Analysis for ATMEGA32-16PI-ND
From the calculations above, it was noted that of the four components chosen, the one most likely to fail would be the RXM-418-LC-S-ND or the TXM-315-LC-ND RF modules. The MTTF for the RF modules was determined to be 238,000 hrs, which is much less than 4,167,000 hrs for the ATMEGA32-16PI-ND, but only slightly less than 554,000 hrs for the MAX667. If any of these devices failed, there would be no potential personal injury to users, consequently, these failures were not considered to be of high criticality. On the other hand, if any of the above devices malfunctioned, the overall design would not work as intended. In reality, however, these components would have much lower failure rates than determined because of the junction temperatures would be much lower than the conservative junction temperatures used in the calculations. For instance, for the MAX667, MTTF would be 6,050,000 hrs with a more realistic junction temperature of 100 °C.
Failure Mode, Effects and Criticality Analysis (FMECA)
Since the failure of any of the components didn’t pose a health hazard to users, criticality was determined to be of two levels: low and medium. A low criticality failure was defined to be one that could be easily remedied by replacing a component or slight modification to the component. On the other hand, a medium criticality failure was defined to be one that would cause extensive damage to the design and may not be repairable. A failure rate of 10-4 was determined acceptable for low criticality failures and 10-5 for medium criticality failures.
The schematic was divided into four functional blocks:
1. (A) Power Circuits.
2. (B) Microcontroller block

3. (C) Sensor block. 
4. (D) RF Modules.  
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Figure 1: Schematic divided up into Functional Blocks
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FMECA Worksheet – Group __10___

	Failure No.
	Failure Mode
	Possible Causes
	Failure Effects
	Method of Detection
	Criticality
	Remarks

	A1
	VCC = 0
	Failure of any component within block A.
	Overall design failure
	Observation
	Low
	

	A2
	VCC > 5V
	Failure of U1 (max667)
	System wide failure, other components could be damaged 
	Observation
	medium
	Can be prevented by a fuse, diode.

	A3
	PW1 = 0V
	Failure of C20, J2
	Loss of power to servos, no motion robot
	Observation of robot motion.
	Low
	

	B1
	Uncontrolled output of pins PD0, PD1
	Failure of MCU1, software problem
	No RF communication
	Observation
	Low
	Could be detected using external watchdog.

	B2
	Uncontrolled output of pins PA0, PA1, PA4, PA5, PA6, PA7
	Failure of MCU1, software problem
	Unpredictable LCD output
	Observation of LCD
	Low
	Could be detected using external watchdog.

	B3
	Uncontrolled output of pins PC3, PC4, PC5, PC1, PC2,PD4, PD5
	Failure of MCU1, software problem
	Loss of servo operation, unpredictable obstacle, food & tilt sensor outputs
	Observation of LCD
	Low
	Could be detected using external watchdog.

	C1
	IR sensors not working
	Failure of J5, J6, J7, C6, C8, C9
	Inability to detect obstacles precisely, food on tray

	Observation
	Low
	

	C2
	Tilt sensor not working
	Failure of J9, C7
	Inability to detect when robot is tipped over.
	Observation of robot
	Low
	


FMECA Worksheet – Group __10___

	Failure No.
	Failure Mode
	Possible Causes
	Failure Effects
	Method of Detection
	Criticality
	Remarks

	D1
	RF receiver modules not working
	Failure of U5, U7
	Inability to receive instructions from control center
	Observation
	Low
	

	D2
	RF transmitter modules not working
	Failure of U4, U8
	Inability to send alerts/messages to the control center
	Observation
	Low
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