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1.0 Component Analysis:

The microcontroller of this UGEV monitor and control all the major components onboard, namely are the RF module, the RPLIDAR, temperature, humidity and gas sensors.
i. RF module is used to transmit data from microcontroller to the user terminal for further data analysis and processing, which requires UART or SPI communication interface.
ii. Gas sensors are being used to detect possible methane and smoke in the air using sampling done by the microcontroller.
iii. Temperature sensor will be used to sample voltage levels to indicate different temperature readings using analog-to-digital channels on the microcontroller.
iv. For the humidity sensor, the microcontroller is responsible to count pulses and calculate input frequency for further humidity determination.

1.1 Analysis of Microcontrollers:
Since the U.G.E.V carries many sensors on board, the microcontroller needs to have sufficient amount of Analog input pins to gather information from sensors. In addition, the microcontroller also needs to have UART, I2C, PWM modules to interface with all other components on the U.G.E.V. PIC24FJ128GA010 [1], which is a product of Microchip, is the most powerful product in the PIC24F series. This microcontroller satisfies all the I/O requirement of the project. However, the maximum speed of the microcontroller is only 16MIPS. According to the datasheet of the RPLidar, the baud rate of the RPLidar is 115,200bps and it uses UART protocol to communicate with the microcontroller. The RPLidar sends 2,000 data packet, which contains 5bytes data, per second. There is only at most 8000 instructions can be operated between each data packet. At the same time, microcontroller also needs to calculate the data retrieved from sensors and send data to RF module. In comparison to PIC24FJ128GA010, PIC33FJ64GS610 [2] can operate up to 50MIPS. Under such circumstance, PIC33FJ64GS610 is chosen as the microcontroller for the project. 
	
	PIC24FJ128GA010
	PIC33FJ64GS610

	Speed
	16MIPS
	50MIPS

	RAM
	8KB
	9KB

	Operating Voltage
	2.0V to 3.6V
	3.0V to 3.6V

	UART module
	2
	2

	ATD
	Support
	Support

	I2C
	2
	2

	PWM
	5
	9

	Price
	$4.76[3]
	$9.05[4]




1.2 Analysis of Mapping and Localization Sensors:

A good LIDAR is essential for U.G.E.V. to implement several major functions (Mapping and localization). However, it is hard to distinguish which one is better before using it. By considering several factors (cost, source and datasheet) and analyzing a number of documents, YouTube reviews videos and webpages, the choices are narrowed down to RPLIDAR[5] and Neat LIDAR[6]. RPLIDAR costs more but has formal datasheet and open source support while the Neat LIDAR costs less but has insufficient source and formal documents. So, RPLIDAR becomes the best choice for the U.G.E.V.
	
	Cost
	Source
	Datasheet
	Size

	RPLIDAR
	$400
	Open source
	Formal datasheet
	Same

	Neato Lidar Laser
	$79.99
	No open source
	No formal datasheet 
	Same



1.3 Analysis of RF modules:

Radio Frequncy Module interfaces with the microcontroller and transmits all data gathered from on board sensors as well as receive remote control command for vehicle motion control.
Analysis of Radio Frequency Module:
The RF module needed for the UGEV does not only transmit motion control signals but also sends real time sensor and mapping data to the user end. Therefore, the RF module is required to have relatively higher data bandwidth than the common ones in RF toys. In addition, the UGEV is also designed to reach a fairly long distance out of sight. Thus, the communication range is another critical factor when finding the best matching module.
While searching for RF modules, the most popular solutions come up nowadays are the Xbee RF module family by Digi International. The Xbee family includes various RF solutions with different protocols as well as frequency bands. Important specifications of potential candidates have been listed in the following table. [7]
	
	XBee-PRO DigiMesh 2.4
	XBee-PRO
	XBee-PRO ZB
	XBee-PRO 900HP
	XBee-PRO 868

	Data Rate
	250 Kbps
	250 Kbps
	250 Kbps
	200kbps
	24Kbps

	Indoor/Urban Range
	90m
	90m
	90m
	305m
	550 m

	Outdoor
	1 mile
	1 mile
	2 miles
	4 miles
	25 miles

	Interface
	URAT
	URAT
	UART, SPI, I2C, PWM, DIO, ADC
	URAT
	URAT

	Frequency Band
	2.4Ghz
	2.4Ghz
	2.4Ghz
	900Mhz
	868Mhz

	FCC
	Yes
	Yes
	Yes
	Yes
	No


Considering the range and data Rate of a RF module, the best choice for our project is the XBee-PRO 900 HP. Even though the XBee-PRO 868 offers extraordinary connection range, it is not approved by FCC in North America which could result in legal issues for the U.G.E.V.


1.4 Analysis of Gas Sensors:

Gas, temperature and humidity sensors are serving as the hazard indicators, generating essential environmental information for user to analyze and monitor. Due to the huge amount of possible sensors available that meet the design’s requirement, this analysis is going to compare a few popular sensors to make appropriate selections. 
The MQ series is an electro-chemical sensor with a built-in heater. It has great sensitivity and is able to measure some common dangerous gases for the terminal to generate warning.[8] Since these sensors meet the major requirements of the project, four of the most useful sensors from MQ series, one from Dynament® and one from Figaro® are being examined. Two of them should be chosen, one for methane detector and another for air quality detector among these sensors.  With the budget shortage, the design team decided to give up on MSH-HC sensor. The TGA2611 sensor has much higher lower-bounds of concentration detection scope rather than those sensors from MQ series. MQ-2 sensor has much longer burn-in time of 48 hours than other MQ sensors. MQ-5 sensor is dedicated for natural gas and LPG detection. MQ-4 sensor, on the other hand, is specifically designed for measuring methane concentration. MQ-135 sensor is considered to be the most appropriate sensor for air quality detection, since it is sensitive to both smoke (typically CO and Carboxylic acids) and CO2. With the above analysis, the design team decided to utilize MQ-4 sensor for methane detection and MQ-135 sensor for air quality measurement.

	Part Number / Properties
	MQ-2
	MQ-4
	MQ-5
	MQ-135 [9]
	MSH-PS/HC [10]
	TGA2611 [11]

	Gas Sensitivity
	H2, LPG, CH4, CO, alcohol, propane
	CH4, Natural Gas
	LPG, natural gas, town gas
	NH3, NOx, alcohol, Benzene, smoke, CO2
	CH4, Propane, Butane, etc
	Methane, Ethanol, Hydrogen, Iso-butane

	Detecting Concentration Scope
	300-10000ppm
	200-10000ppm
	200-10000ppm
	10-300ppm NH3, 10-1000ppm Benzene
	0-100% Methane
	500~
10,000ppm

	Loop Voltage
	5V DC
	5V DC
	5V DC
	5V DC
	3V-5V
	5V DC

	Heater Voltage
	5V DC
	5V DC
	5V DC
	5V DC
	N/A
	5V DC

	Standard working temperature and humidity
	18°C to 22°C
60% to 70% RH
	18°C to 22°C
60% to 70% RH
	18°C to 22°C
60% to 70% RH
	18°C to 22°C
60% to 70% RH
	-20°C to 50°C
0 to 95% RH
	18°C to 22°C
60% to 70% RH

	Burn-in Time (hours)
	48
	24
	24
	24
	N/A
	7 days

	Preheat Time (mins)
	3
	3
	3
	3
	1
	N/A

	Price ($/unit)
	1.65 [16]
	3.90
	1.99
	12.90
	520
	24.99




1.5 Analysis of Temperature Sensors:

The onboard temperature sensing system requires a stable and accurate temperature sensor. Three sensors from two families are being chosen to compare in the following chart, namely TMP series from Analog Devices® and LM series from Texas Instrument®. These sensors all have the characteristics of simple structures. They all need calibration for sensor readings. The output values are voltage levels and have to be sampled and analyzed using ATD modules in the microcontroller. From the chart, the design team concluded the following comparison results. TMP series have basic temperature sensing based on centigrade measurement, which meets the project’s requirement. Although the LM34 has better performance on accuracy, the difference is not significant compared to the range of operating temperature. On the other hand, the supply voltage range is 2.7V to 5.5V and the output voltage range is 0.1V to 2.0V for TMP series. These characteristics meet the power supply and microcontroller input voltage range requirements in the design. The LM34 sensor also has higher thermal resistance compared to TMP series. Higher thermal resistance would lead to loss of accuracy due to self-heating. Therefore, the LM34 sensor is not considered to be used. In addition, the operating temperature range of TMP36 is wider than that of TMP35, and it does not require a negative voltage to read sub-zero temperature. Based on the above analysis, the design team decided to choose TMP36 for the temperature sensing system.

	Part Number / Properties
	TMP35
	TMP36 [12]
	LM34 [13]

	Operating Temperature Range
	10°C to 125°C
	-40°C to +150°C
	-50°F to +300°F

	Accuracy
	±1°C
	±1°C
	±0.8°F

	Supply Voltage Range (V)
	2.7 to 5.5
	2.7 to 5.5
	+35 to -0.2

	Output Voltage Range (V)
	0.1 to 2.0
	0.1 to 2.0
	+6 to -1.0

	Thermal Resistance (°F/W)
	160
	120
	252

	Max Output Load Current
	50µA
	50µA
	10mA

	Price ($/unit)
	1.5
	1.5
	2.52



1.6 Analysis of Humidity Sensors:

The U.G.E.V needs a proper selection of humidity sensor to gather data for humidity measurement. One sensor from Honeywell® and one from Measurement Specialties® are being selected for comparison, namely HIH-4030 series and HS1101LF. From the chart below, the design team made the following analysis. First of all, the supply voltage of HS1101LF sensor is larger than HIH-4030 sensor. Secondly, the upper bounds of operating temperature for HS1101LF is also higher than HIH-4030. Although the long term stabilities are the same for both sensors, the HS1101LF has better humidity hysteresis than that of the HIH-4030 sensor. The HIH-4030 needs special order from the manufacturer for calibration. The HS1101LF sensor has full interchangeability in standard conditions which means no calibration is needed before using this sensor. Based on the previous analysis, the design team decided to have the HS1101LF relative humidity sensor as the major component in the onboard humidity sensing system.

	Properties \ Part Number 
	HIH-4030 [14]
	HS1101LF [15]

	Operating Temperature Range (°C)
	-40 to +85
	-60 to +140

	Supply Voltage (V DC)
	4 to 5.8
	max 10

	Humidity Hysteresis
	3% RH
	±1% RH

	Long Term Stability (1 year)
	±0.5% RH
	0.5% RH

	Factory Calibration requirement
	Special Order from the manufacturer for standard calibration
	Full interchangeability with no calibration required in standard condition

	Price ($/unit)
	7.26
	13.84




2.0 Sources Cited:
[1] Microchip Technology Inc. (2011) PIC24FJ128GA010 FAMILY. [Online]. Available: http://ww1.microchip.com/downloads/en/DeviceDoc/39747F.pdf
[2] Microchip Technology Inc. (2014) dsPIC33FJ32GS406/606/608/610 and
dsPIC33FJ64GS406/606/608/610. [Online]. Available: http://ww1.microchip.com/downloads/en/DeviceDoc/70000591f.pdf
[3] Digi-Key Corporation. Microchip Technology PIC24FJ128GA010-I/PT. [Online]. Available: http://www.digikey.com/product-detail/en/PIC24FJ128GA010-I%2FPT/PIC24FJ128GA010-I%2FPT-ND/1015660
[4] Digi-Key Corporation. Microchip Technology DSPIC33FJ64GS610-50I/PF. [Online]. Available: http://www.digikey.com/product-detail/en/DSPIC33FJ64GS610-50I%2FPF/DSPIC33FJ64GS610-50I%2FPF-ND/3046584
[5] Robopeak. RPLIDAR. [Online]. Avaiable: http://www.robopeak.com/blog/?cat=8
[6] Neato Lidar Laser: http://www.ebay.com/itm/Neato-all-XV-Series-Lidar-Laser-Distance-Sensor-Wheels-/331462767538?pt=US_Vacuum&hash=item4d2cb873b2
[7] Digi. (2014). XBee-PRO® 900HP and XSC RF Modules. [Online]. Available: http://www.digi.com/xbee/ 
[8] Arduino Playground. (2015). MQ Gas Sensors. [Online]. Available:  http://playground.arduino.cc/Main/MQGasSensors  
[9] Shanghai Total Meter Co., Ltd. Technical Data MQ-135 Gas Sensor. [Online]. Available: http://china-total.com/Product/meter/gas-sensor/Gas-sensor.htm 
[10] Dynament. (08/27/2014). Technical data sheet TDS0118. [Online]. Available: http://www.dynament.com/infrared-sensors/methane/standard-non-certified-methane-sensors.htm 
[11] Figaro. TGS 2611 Product Information. [Online]. Available: http://www.figarosensor.com/products/2611pdf.pdf 
[12] Analog Devices. (2010). Low Voltage Temperature Sensors TMP35/TMP36/TMP37. [Online]. Available: http://www.ti.com/lit/ds/snis161b/snis161b.pdf 
[13] Texas Instrument. LM34 Precision Fahrenheit Temperature Sensors. [Online]. Available: http://www.ti.com/lit/ds/snis161b/snis161b.pdf 
[14] Honeywell. (2008). HIH-4030/31 Series Humidity Sensors. [Online]. Available: http://www.honeywellscportal.com//honeywell-sensing-hih4030-4031%20series-product-sheet-009021-4-en.pdf?name=HIH-4031-001 
[15] Measurement Specialties. (October, 2012). HS1101LF - Relative Humidity Sensor. [Online]. Available: http://www.meas-spec.com/humidity-sensors/humidity-sensor-components.aspx 

Other Resources:
[16] Vending Site for prices: http://www.digikey.com/us/en/digihome.html 

https://engineering.purdue.edu/ece477 		Page 7 of 7

