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1. Introduction

 Title: Data Acquisition System for Formula SAE race car

1.1 Statement of Purpose:

[bookmark: _GoBack]The current UIUC Formula Electric racecar has a virtually non-existent data display. The data display system that exists is a row of LEDs connected to a potentiometer on the gas pedal. The potentiometer's readings is the number of lit LEDs, from this the driver gets an estimation of the amount current flow to the motor. From this current, the driver then guesses what the speed is. Our task is to build them a data acquisition system, collecting and displaying real time data either on the dashboard or on the steering wheel. Data to be collected includes temperature of motor, engine and battery, tire pressure, motor speed and wheel speed. 
The final design of could be useful and marketable for any university level formula team. It will however not satisfy the needs of a Formula F1 racing car as we are making a much relatively cheap design to satisfy the basic needs. Real time inputs such as temperature of the motor and coolant, pressure in the tires will inform the driver and the team of any ongoing discrepancies in the reading and hence help the driver in driving safely. The legacy of the project is that after installation of the DAQ system on to the race car our team will get to assist the Formula SAE team during the real race in July, 2013. 


1.2 Objectives

1.2.1 Goals

· Provide the driver and team with real time input from all the sensors in the car.
·  20 MHz microprocessor will provide faster data to the driver.

1.2.2 Functions
· Acquire data from various types of sensors – temperature, pressure and speed.
· Acquire and display the data for the temperatures of the coolant, the batteries and the motor. Similarly, acquire and display speed of the motor and wheels and pressure of all the tires.
· Ensure that response time of the sensors is optimum by synchronizing all sensors.
· Data should be wirelessly transmitted to a computer located at the race pit from where the rest of the team monitors the race. 


1.2.3 Benefits
· Service time efficiency due to on-site data analysis and fast feedback.
· Service cost efficiency due to time efficient method and higher calibration quality.
· Single display with all the required data eliminates the need for manually testing each part.
· Wireless data transmission allows formula SAE team to instruct the driver on how to boost performance.

1.2.4 Features
· Wireless data transmission for over a track of 0.5 mile.
· LCD or alpha-numerical display of multiple data.
· Simultaneous multiple data sensing.




















II. Block Diagram
[image: \\ad.uillinois.edu\engr\instructional\shaik2\Downloads\New ECE 445 Block Diagram - Final.jpg]
Fig 1. Block Diagram
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Fig 2. Power Module
III. Block Descriptions
The sensor block consists of several kinds of sensors that will collect data about the car and send it to the Arduino board containing the ATMEGA34u2 microcontroller. The microcontroller will translate the digital and analog outputs into readable, useful data. This data will then be transferred to three different outputs. Firstly, a LCD will display speed, pressure and temperature data to the driver. Secondly, all the data will be wirelessly transmitted to a base station at the pit stop through an Xbee module. Lastly, all the data will also be stored into an SD card through the Data Logging shield. 
1. Power Supply (12V Low voltage system)
The car has a 12VDC 7.2 Ah power supply separate from its 300 VDC supply for the drivetrain. This will power our sensors and processors. We are using a sealed lead acid rechargeable battery. This battery will power all the components of the circuit – mainly the microcontroller and the LCD display. Voltage regulators will be used to provide low voltage to the LCD display and the sensors.    
2. Sensors
i. Temperature Sensors
These are vital components of a race car and are especially helpful during endurance races in which the motor, coolant and battery cells heat up.
a. Motor & Engine Temperature Sensor 
The motor temperature sensor will be in contact with any non-movable part of the motor and will output analogue voltage signals that can be calculated by the following equation:
ºC = 100 * V-50
Input Voltage	2.7 - 5.5 VDC
Temp. Range	-40 to +125 0C
Accuracy	±20C
b. Coolant Temperature Sensor
The coolant temperature sensor will be placed in the out-low pipe of the coolant. As this coolant is most probably a conductive liquid, this sensor must be waterproof. 
Output		9 to 12-bits digital signals.
Input 		3.0 to 5.0 VDC.
Temp range	-55 to 1250C, and in our desired range of -5 to 700C, the accuracy is 0.50C.
The conversion of 12 bit temperature to digital word is at most 0.75s. 

c. Battery Temperature Sensor
The battery temperature sensors are already integrated in the Elithion Battery Management System (BMS). The BMS also gives information on the state of charge, voltage and current of every individual battery cell and of the complete.
Product		Elition Lithiumate pro
Pack size		256 cells (about 900V), up to 16 banks
Communication	CAN and RS232 (the latter is compatible with Arduino FIO)
This BMS also has over/under current and over/under voltage warnings. It is also programmable and fully configurable.
ii. Motor speed sensor 
Like any production car, the motor speed is very important parameter that helps in judging the performance of the car. We will use a hall-effect sensor with zero speed detection to monitor this datum without making physical contact with the spinning shaft.
Input voltage	6.5 - 24VDC
Input current	14mA
Freq. Range	0 - 12 Khz
Temp. Range	-40 to +1250C
iii. Vehicle Speed Sensor 
To simplify future maintenance procedures, we have chosen a sensor identical to the motor speed sensor i.e. a hall-effect sensor, only this time to measure the wheel speed. We will show the front wheel speed as the speed of the car. There are extreme cases, such as when drifting, over braking or pressing both brake and acceleration at the same time, where the wheel speed and vehicle speed can be different; during these cases, the shutdown circuit will be cutting off the high voltage supply to the motor immediately.
Input voltage	6.5 - 24VDC
Input current	14mA 		
Freq. Range	0 - 12 Khz
Temp. Range	-40 to +1250C

iv. Tire Pressure Monitoring System (TPMS):
 A difference in the tire pressure will greatly affect how much energy is consumed when the car moves. The driver as well as the pit crew needs to know this datum while the car is in the race. 
The problem with conventional OEM sensors is that they are embedded in the tire, therefore every time the batteries need changed; the whole tire has to be removed. These sensors cannot tell if the tires have been rotated. The sensor mentioned below is simply a tire air-inlet cap designed to be a sensor, making tire rotation and battery replacement much easier.
Frequency	433.92Mhz
Pressure	10-80psi
Accuracy	±2psi
Temp. Range	-30 to +850C
4. XBEE Module
The data received by the microprocessor from the sensors is transmitted wirelessly via the XBee module.
We are using XBee-ZB SMT wireless RF module. It transmits data at a frequency of 2.4 GHz. The maximum RF line of sight range is 3.2km (2 miles) which is well above distance we require for the race. Input voltage is between 2.7 V to 3.6 V. The transmitter unit will be directly powered from the 12 V battery. Hence we will add a voltage regulator to supply a constant voltage of 3.3V 
The transmitter unit is denoted as Tx and the receiver unit as Rx. The Tx unit is responsible for transmitting the serial data generated by the processor block to the Rx unit wirelessly at 2.4GHz. The Tx unit will be placed in the car connected to Tx output pin of the Arduino-Fio. 
The XBEE wireless module employs the Zigbee protocol to communicate to the receiver module. The Rx will be connected to the computer via XBee Explorer as shown in Fig 4. Rx unit is plugged into the XBee Explorer, which is attached to a mini USB cable. This gives direct access to the serial and programming pins on the XBee unit.
5. Amplifier/Choke
To scale up or down the sensors’ signal to an acceptable level seen by the microprocessor's ADC. This range is 0 to 5VDC. The amplifier should have a low noise level, low power consumptions and controllable gain of 0.5 to 5.
Fuses are for the mere reason of preventing high voltage spikes entering the calibration system. The fuse should be capable of handling 0.5A.


6. Display
   Since the car is open top, we are using an LCD display that has a very strong backlight. 
The choice of our LCDs is the Hitachi HD44780. It consists of 4 lines x 20 characters, which gives us room to display a list of environmental and electrical parameters as well as any warnings or errors. It operates on low power. It requires 2.7V to 5.5V. The LCD will take the input from the arduino. 

There is limited space on the steering wheel, and it moves. So we have thought of putting the LCD display on the dashboard.

LCD Display Layout:
Speed :	55 mph
Battery Temperature:  30 degrees Celsius
Front Tire Pressure: 	P1: 40psi 	P2: 40psi	
Rear Tire Pressure:	P3: 40psi	P4: 40psi


















IV. Design Schematic
[image: \\ad.uillinois.edu\engr\instructional\shaik2\Downloads\project_tx part.jpg]
Fig 3. Design Schematic involving Tx Module
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Fig 4.  Design Schematic involving Rx module

V. Power budget

	Device
	Main Hub Power consumption
	Remote Hub Power Consumption

	Arduino Fio
	.225 Watts
	x

	XBee
	.15 Watts
	.15 Watts

	Data Logger
	.149 Watts
	x

	LCD Screen
	.725 Watts
	x

	Total Power Consumption
	1.25 Watts
	.15 Watts


Fig 5. Maximum Power Consumption chart

The sensors consume power in milliwatts and they hardly make any difference in the total power consumed. Hence they can be neglected in calculating the Power consumption. 
To calculate battery size for the system, we must first convert the power from Watts to Watt-hours. We are considering that about 12 days before the race, the driver might practice for about 5 hours a day. Multiplying the maximum power by 5 hours will give us power consumption of the hub in a day. Finally, by multiplying the result by 12 days, we will get the total Watt-hours required for that stretch of time. Then we will divide the result by the 12V as that will be our battery voltage. This will give us Amp-hours, which is the unit of measure that batteries are rated in.

Battery rating:
[image: ](


After using the above equation, we see that we will need a 12V battery with at least 6.25 Amp-hour rating. We currently have a sealed Lead Acid rechargeable battery with 7.2 Ah rating. This battery can power the hub for 69.12 hours.



VI. Design Requirements and Verifications
1. Power Supply
	Requirements 
	Verification

	12 V, 7.2 Ah low voltage power supply

1. The battery should be able to supply a 
voltage of 12V (±1V) for 69 hours.


2. The battery will be able to supply a 
minimum current rating of 30mA and a maximum of 200mA.



Voltage Regulator
1. Different sensors have different voltage requirements. Check whether output voltage from regulator is as specified each sensor. 
	
1.  A Digital Multimeter (DMM) will be used to monitor the voltage across the battery and to measure the current drawn. The time frame is based on maximum time of the car will race. 

2. The required minimum current powers the sensors and the maximum current should not exceed 200mA for the microcontroller. These will be monitored with a Digital Multimeter so that we don’t damage any of the components.

1. Use a DMM to test all the outputs. 



2.  Micro-controller
	Requirements 
	Verification

	Arduino Fio v3 - ATMega 32u4
1. The micro controller must be able to decode the temperature, pressure and the Speed readings provided by the sensors and must also be able to decode current and voltage readings from the Battery Management System. 


2. Microcontroller will transmit data via Xbee to PC





3. Microcontroller will transmit data to LCD. The microcontroller will output information to the LCD using 7 pins (6 data in pins)


	
1. Write code on Arduino that maps the input voltages from sensors and BMS to specific number or character. The code will output serial data to the Xbee, which in turn will send the data wirelessly to PC and display the values using Arduino software. Input the specific voltages directly to the Arduino input pin using the digital power supply.
2. Connect the Arduino to the XBee interface and connect the XBee interface to the PC. Write Arduino code that outputs serial data. The PC will show the same data.

3. To test the interface of the LCD with the microcontroller, connect the LCD to arduino. Write Arduino code that displays “Hello World”. The LCD display will say “Hello World”

The formulae to convert the analog signals from the various sensors to digital will be programmed into the code and then the corresponding output will be displayed on LCD. Proper functionality as well as performance of the display (correct coloring and no flickering) will be checked.




3. XBee Module
	Requirements
	Verification

	   Xbee Module
1. The Xbees must communicate up to the specifications 3.2 km as specified in the data sheet. At least an effective range of 1km for the race.







2. Should be able to handle process and transmit the collected data into a serial connection, fast enough for car at speed of 120MPH.
	

1. Connect RS232 serial cable to XBEE units on two separate computers and use the terminal port to send and receive specific test vectors.  
· Ensure the connections from Tx microprocessor to Tx XBEE are correct. Tx of the microprocessor goes to the Rx of the XBEE and the Rx of the microprocessor goes to the Tx of XBEE.


2. Conduct the above process while the car is in motion.
 





3. Sensors
i. Temperature sensors
	Requirements
	Verification

	
Motor & Engine Temperature Sensor
1. This sensor should work in accordance with the formula: C = 100*V - 50 at an input of 5 V.
Where C = celsius; V= volts
Minimum Temperature = -40 degree celsius
Maximum Temperature = 125 degree celsius









Coolant Temperature Sensor

2. This sensor measures temperature from -55degree celsius to 125 degree celsius and provides 9-12 bit (configurable digital) temperature readings.

	

1.  Connect the terminals of the sensor to a voltmeter. Place the sensor on a surface with known temperature. 

For room temperature 27 degree (celsius)  the sensor should give an output of 0.77V
Maximum limits:
Max Temp: 125 degree celsius = 1.75volts
Min Temp: -40 degree celsius = 0.25volts

In case a thermometer that measures upto 125 degree celsius is unavailable. Several readings below 100 degee can be taken. The readings can then be plotted on a graph Temp vs Volts. All the points on the graph should approximately lie on the line:
C = 100*V – 50

2.Connect the sensor to a NI DAQ board and run LabVIEW to test the output signal and temperature read. Check the temperature of the coolant using a thermometer and verify that it matches the sensor temperature.



ii. Speed Sensors
	Requirements
	Verification

	a) Motor / Wheel Speed Sensor
1. Sensor should be calibrated accurately.
2. Check the voltage range for different speeds. 
	1. We will use a tachometer to verify if the sensed speed is correct.
2. Verify the voltages obtained using NI DAQ board and Lab View.




3. Amplifier / Choke
	Requirements 
	Verification

	
1. To scale up or down the sensors’ signal to an acceptable level seen by the microprocessor's ADC. This range is 0 to 5VDC. The amplifier should have a low noise level, low power consumptions and controllable gain of 0.5 to 5. 

2. 1. Temperature Sensor output:
100 +/-10% Gain needed.










	
1. Sweep the input from 10Hz to 1KHz to ensure proper pass and stop band regions with proper attenuation at the stop band. 




2.  We will test this performance requirement by sending an input voltage from the function generator of 0.01 volts DC and measure the output voltage with a voltmeter. 

A resulting voltage of 1 +/- 10% will show the correct amount of gain, 100, while any other value will indicate a flawed first stage.




4. Data logging Shield
	Requirements 
	Verification

	1. Data stored in the SD card should be same as data transmitted to the computer at the receiver end and data displayed on the LCD. 

	1. We can simply check the data being displayed on the LCD and note it down and then compare it to the data stored in the SD card. The same can be done for the receiver end data.



5. LCD Display
	Requirements 
	Verification

	
1. The display functions with an input voltage of 5V.





2. It should display numbers, letters, 
symbols and musical notes in colour without 
any lag, flickering or disruption.



3. The buttons on the LCD perform their 
specific task.
	
1. Using a digital multimeter, supply 5V to the VCC pin on the LCD module through a banana wire with a 4mm male 
output socket. 1. The LCD should light up when attached to the power source. 


2. Run a simple program that displays numbers, letters, symbols and musical notes. The program is to be written and run in the arduino.

3. Run a test program on the arduino which requires the user to press each of the buttons individually to make sure they function appropriately.





VII. Tolerance Analysis
Assuming 9V is supplied to the Arduino, the value for logic-high would be 5V. Any decrease in the input voltage value may affect this ideal logic-high value which, in turn, may affect the XBEE transmitter which accepts this signal as an input. This may result in the decrease in signal strength and travel speed of the signal from the transmitter. Our tolerance analysis will be performed on the voltage got through the battery. According to the Arduino data sheet, the lower limit of voltage supplied should be 6V allowing us to set a tolerance of -3V to the 9V supply voltage from the battery. We will analyze how the output values of the Arduino and the XBEE modules vary on varying voltage between 6V to 9V.

Signal variations are present because the frequency response is not perfectly flat at low frequencies. These signal variations will translate to the amplifier stage. For this reason, the maximum tolerance accepted is ±5% on a narrow band of operating frequency, to prevent partial saturation and loss of the signal. 








VIII. Cost Analysis

1. Labor 
	
	Name
	Hourly Rate
($ / hour)
	Hours invested over entire period of project
	Total Cost = Hourly Rate x 2.5 x Hours Invested 

	Mohan Sha
	50
	150
	$18,750

	Farooq Shaik
	50
	150
	$18,750

	Raviraj Mahajan
	50
	150
	$18,750

	Total
	150
	450
	$56,250



2. Parts

	Item
	Serial Number
	Quantity
	Cost per unit ($)
	Total Cost ($)

	J Type Thermocouple
	BT-000-J-2 1/4-60-1
	2
	28
	56

	Pressure Sensor 
	PX309-150GV
	4
	40
	160

	TI MSP 430
	MSP-EXP430G2

	1
	4.30
	4.30

	LCD (Hitachi)
	HD44780
	1
	$20
	$20

	XBee ZB SMT 
	WRL-08742
	1
	37.95
	37.95

	Voltage Regulator 
	LM2575IN
	4
	$1.86
	$7.44

	Temperature Sensor
	165
	2
	$2
	$4

	Arduino Fip
	B004G4XVKC
	1
	$34
	$34

	Adafruit Data Logger
	243
	1
	$28
	$28

	SD Card (1 GB)
	-
	1
	-
	Personal stock

	XBee Explorer USB
	WRL 08687 ROHS
	1
	$25
	$25

	Total
	
	
	
	297.25



Some parts may already have been bought by the SAE Racing Team

Grand Total 

	Section
	Total

	Labor
	$56,250

	Parts
	$297.25

	Total
	$56,547.25




IX. Schedule
	Week
	Task
	Responsibility

	2/4
	Complete and submit proposal
	Farooq, 
Mohan 
Raviraj

	
	Design preliminary circuit to connect all components
	

	
	Meet with SAE: Race Team member to discuss technical specifications and expectations
	

	2/11
	Prepare draft for Mock Design Review
	Farooq, 

	
	Design final circuit 
	Raviraj

	
	Order Xbee transceivers, TI MSP 430 and LCD/Alphanumeric display
	Mohan

	2/18
	Write pseudo code for the MSP 430 program 
	Raviraj

	
	Design overall circuit connecting all the components 
	Farooq

	
	Test and calibrate sensors
	Mohan

	2/25
	Program and test A/D converted and LCD 
	Mohan

	
	Program and debug MSP 430 
	Raviraj 

	
	Program and test Xbee
	 Farooq

	¾
	Assemble all components together for testing
	 Mohan

	
	Design PCB layout for MSP 340 and sensor inputs
	Raviraj

	
	Submit PCB for fabrication
	Farooq

	3/11
	Solder components onto PCB and Submit Individual Progress Reports
	Mohan

	
	Test PCB and put together the rest of the system
	Raviraj

	3/18
	Test the Sensors
	Farooq

	3/25
	Test functionality of entire system
	Raviraj

	
	Present Mock Demo
	Mohan

	4/1
	Test system under stressful conditions similar to race track
	Farooq,

	
	Present Mock Presentation
	Raviraj

	4/8
	Verification of specifications
	Farooq

	4/15
	Corrections to working of the project
	Mohan

	
	Help attach the system onto the race car
	Raviraj

	4/22
	Demo
	Mohan

	
	Presentation
	Farooq

	4/29
	Final Paper
	Mohan

	
	Check in supplies
	Raviraj





X. Ethical Considerations:
	IEEE Code of Ethics
	Considerations

	1. To accept responsibility in making decisions consistent with the safety, health and welfare of the public, and to disclose promptly factors that might endanger the public or the environment.
	Since the driver will be using the data from our sensors and we must make sure it is absolutely accurate. A false speed can mislead the driver. We must also make sure that there is no chance of electric shock from our components in the system as the SAE team will be required to replace the sensors when damaged.

	2. To avoid real or perceived conflicts of interest whenever possible, and to disclose them to affected parties when they do exist.
	Throughout this course, our team will ensure that we manage our time wisely, coordinate work among the team members and make sure we utilize all available resources. Therefore we will try our best to balance our work and achieve the goals.

	3. To be honest and realistic in stating claims or estimates based on available data.
	Our system will be advertised accurately in its 
reliability and how long it lasts (battery). 

	4. To maintain and improve our technical competence and to undertake technological tasks for others only if qualified by training or experience, or after full disclosure of pertinent limitations.
	Since we are not very experienced in this field of building a product from scratch we will try our best to learn the necessary skills to complete the project.

	5. To seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others.
	Throughout the course we will critique each other work to make sure that we create the best product possible.
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Voltage Sensor
http://www.cy-sensors.com/VoltageSensor.htm

Temperature Sensor
www.sparkfun.com/products/10988

Waterproof Temperature Sensor
www.sparkfun.com/products/11050?

Arduino Fio v3
https://www.sparkfun.com/products/11520

Hall Effect Sensor connection tutorial
http://bildr.org/2011/04/various-hall-effect-sensors/

Speed Sensor
www.mouser.com/ProductDetail/Honeywell/SNDH-H3C-G03/?qs=%2fha2pyFadugnhxEGDWpkbruvMUfjTNeFOZZq7oZumo0SWbzBPIGcBA%3d%3d

Lithium polymer battery for adruino
http://www.datasheetarchive.com/Sonnenschein%20SL-340-datasheet.html

Adafruit Assembled Data Logging shield for Arduino
https://www.adafruit.com/product/1141

LCD
http://www.sparkfun.com/datasheets/LCD/HD44780.pdf

XBee Explorer USB (connecting xbee to computer to see data wirelessly)
https://www.sparkfun.com/products/8687


Flow Chart for storing data on SD card:[image: ]
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