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I. Introduction:

With gas prices continuously rising, the bicycle is become a more popular alternative to the car. The  bicycle, much like any form of transportation that shares the road, has safety concerns that must be addressed, mainly the potential danger of bad and inattentive drivers. For hearing-impaired cyclists, this danger is increased tenfold, as their ability to sense encroaching vehicles is greatly diminished on a bicycle.

Our product, a vehicle-detector, while specifically intended for hear-impaired cyclists, could very well be of use to any cyclist who wishes a safer trip. The device will consist of three main components: a rearview camera, a front display unit, and a proximity  sensor. The display will replicate the camera’s view, allowing the rider to have a direct understanding of exactly what’s behind them. If a vehicle comes within at least 30 ft., the sensor will further ensure the rider’s safety by indicating the presence of a vehicle. This will permit the cyclist to keep their eyes on the road in front of them as often as possible.

Benefits:
· Extrasensory safety from other vehicles sharing the road
· Safer, more comfortable riding (do not have to turn around, can keep eyes in front)
· Use of an alternative, “green” transportation, powered by alternative energy
· Provides the hear-impaired with the ability to ride anywhere

Features:
· Proximity Sensor, alerting the rider of vehicles within a 30 foot radius
· Rearview display, providing the ability to see beyond the sensor’s scope
· Statistics on display (e.g. vehicle distance, battery power, spedometer, etc.)

We decided on this project from a number of ideas, because this device will be more than a commodity, it will be able to help people. Upon doing personal research, we found that the hearing-impaired are severely disabled when riding bikes, as they can’t hear vehicles approaching behind them. Our aim is to provide all riders the ability to have a safer, more comfortable ride. This will hopefully encourage even more people to ride bicycles and become more engaged with alternative transportation.















II. Design

Block Diagram:
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Block Descriptions:

· Proximity Sensor:
The Proximity Sensor consists of the antenna (which is responsible for transmitting and receiving the signals for detection), the oscillator that generates the oscillating signal, the circulator, the mixer, amplifiers, filters, and additional circuitry. The Sensor is responsible for detecting cars and other vehicles that are within range. A high frequency signal (1 GHz to 10 GHz, to be determined) is generated from the oscillator. The signal is amplified before sent to the circulator and later the antenna to be transmitted. The incoming signal undergoes another path; it comes in through the antenna to the circulator and then the mixer. The mixer modulates the signal to a lower frequency which analog circuits can easily handle. The modulated signal is passed through a low pass filter to filter out the unwanted components of the signal. Finally it is amplified and sent into a comparator (the op amp), where a near-DC output is generated so the Beagleboard (microcontroller) can easily read. A high from the sensor unit will inform the microcontroller of objects or vehicles in range.

· Power generator:
The power generator unit consists of a power generator and a battery charger. We wish to make our system powered by green energy. The power generator will convert mechanical power (from the motion of the wheels of the bike) to electrical energy and charge the battery. Mechanical power will be harvested from the wheel and converted to electrical energy by the generator. The power generated from the generator will be sent to the charger. The charger would charge up the battery that is not in use. Note that the power generator unit would not be connected to any batteries at start or when the unused battery is fully charged.
· Power:
The power unit consists of the battery and additional circuitry. The Battery is where the generated energy will be stored. It will output power to all components (that consume power) on the block diagram, including the microcontroller, display, and camera. We will be using voltage regulators to output different voltages for the different devices. Two batteries would be used since the generator would not provide enough power to both power the entire system and charge the battery at the same time. Instead one battery would be used to power the system while the other is getting charged by the power generator unit. Relays along with additional circuitry would be used to make connections between the batteries, the charger, and the rest of the system that uses up power.

· Camera:
The camera will be directed towards the back side of the bicycle. It is used to give cyclists a picture of what is happening behind them in addition to the alerting signals on the display. The signal from the camera will be sent to the microcontroller generate signals compatible for the display.

· Display:
	The LCD Display displays the following things:
· Images from the camera. The camera will be watching towards the back of the bike, allowing the bike rider to observe things happening behind them when desired. The signals will be generated from the camera and sent to the microcontroller where it interfaces the camera with the display. The “translated” signals are then sent to the display.
· Battery status. It should show the battery level of both batteries and if one is in charging status.
· Alert signal of cars or other objects approaching by brightening the image 15 frames out of the 30 frames per second being captured by the webcam thus giving a “blinking” appearance.
The LCD display would have a size of 3.5”. The data to be displayed on the screen will be processed and sent from the microcontroller.

· Microcontroller:
	The Microcontroller deals with the following:
· Performing A/D and DSP functions for signals coming from the Proximity sensor and battery (for detecting power level).
· Calculating and analyzing data coming from the Proximity sensor and the battery.
· Displaying the camera video on the LCD display. This includes displaying the image from the camera mounted on the back of the bike, displaying the calculated and analyzed results from the proximity sensor, and displaying the battery status.
The signals from the sensor will be analog. The microcontroller will perform A/D conversion function to interpret the data. The power level of the battery will be sampled as well to inform users of the status of the battery on the display.







III. Circuit Diagrams, Flow Charts, and Simulations


Sensor:
[image: C:\Users\Ian's Lapt\Downloads\Sensor.PNG]









































Power:

[image: C:\Users\Ian's Lapt\Downloads\Power.PNG]












































Main Battery
74%-50%
100%-75%
Battery Level?
Yes
Yes
Backup Battery Low?
Fully Charged?
Display Low Battery
Display 3(full) bars bars
No
No
Power Down
Stop Charging
Charge Dead Battery
Switch To Other Battery
24%-0%
49%-25%
Display 1 bar
Display 2 bars

No
No
15-30
0
1-14
Counter = 0
Flip Image Frame Horizontally
Counter?
Display Image on LCD Screen
Increment Counter

Yes


Counter=30?
Read in Image Frame












Brighten Image
Is there a Vehicle Detected?


Yes





























IV. Requirements / Verifications



	Requirements
	Verifications

	Power
· The device needs to be powered by a battery that has 13 Volts or higher to power the LCD monitor(12V at 90mA) and the BeagleBoard(5V at avg. 1A).
· To need our device to last at least 6 hours. The battery will provide 4000mAh. And because we have 2 14.8V 4S 4000mAh LiPo battery, each will provide roughly 3 hours of runtime.
· As one of the batteries is charging by the dynamo power generator attached to the bike, the other battery is being used to power the device
	· The power circuit’s voltage outputs can be measured with a voltmeter. We will use a 14.8V lithium battery and then step down the voltage for the BeagleBoard using an adjustable regulator to 5V. We will also step down the voltage for the LCD monitor using a linear regulator to 12V.
· The entire device can be powered up by one battery and then test the current that the device consumes according to the processing power of the board and the current drawn by the LCD screen.
· Connect the motor to a drill press measure the amount of current generated by the dynamo. We know that the dynamo device outputs 6W of power at a rated voltage of 12V. The voltage generated needs to exceed 15 volts to charge the battery. 
· We would need to test the different motor RPMs and their efficiency of charging the battery
· This can be initially done using a drill press to supply the RPMs for the motor.


	Sensor
· Delay from receiving signal to generating an "object detected" signal should be no more than 1 second
· Sensor unit should have a size able to easily mount onto bicycle with help of extra mounting tools
· The analog low pass filter should not attenuate frequencies lower than 2 kHz for -6 dB or more
· The op amp thresholding circuit should successfully detect sinusoidal signals with frequencies lower than 2 kHz and output a high signal to the microcontroller
· The sensor detects vehicles that are within 30 meters distance of the bicycle and relay a signal back to the microcontroller. 

	· Antenna would be removed and instead an attenuated signal from a function generator would be fed into the port, time difference would be calculated by comparing the output port to the input port using measurements from an oscilloscope
· We will make the size fit
· The filter would be tested by inputting a signal around 2 kHz and observing how much it has been attenuated via an oscilloscope. We will also want to do a voltage sweep to determine the entire transfer function for a Bandwidth around 3 kHz
· The input to the op amp would be directly connected to a function generator to simulate incoming signals. the output would be observed. A voltage sweep will also be made to determine the transfer function
· A wall 30 meters away from the sensor would be used to test the system. The sensor would approach the wall at different speeds to simulate approaching cars.


	Microcontroller, Programming
· The microcontroller must take in 30 frames per second from the webcam, flip the image along the central vertical axis. 
· When the microcontroller receives a signal from the sensor representing a vehicle in the detection range, the each pixel in 15 frames of the 30 frames captured by the webcam must be brighten as to alert the rider of an encroaching vehicle. 

	· We can make sure the 30 frames per second works by testing whether the video skips or that it has a very minimum delay.
· We will place a large object in front of the sensor and test whether the screen reacts to the large object. In the reaction, the screen must flash every other half a second.






















V. Tolerance Analysis and Ethical Concerns

Tolerance Analysis:
	The most important component of our device that will need an excessive amount of tolerance analysis will be the proximity sensor. If the sensor isn’t carefully calibrated, half of the device’s sensing abilities will be null. The sensor must be able detect vehicles while ignoring extraneous “noise” (e.g. trees, birds, pedestrians) that would be seen in the side-lobes of the antennas output signal. Thus we will be calibrating the distance, the main beam width, and the efficiency of the analysis of the signal. 
	To test this, we will be testing a range of frequencies from 1-10 GHz to determine which is the most efficient at locating encroaching vehicles at a range of 30m. With the use of a network analyzer (i.e. smith chart) and general antenna measurements, we’ll be able to determine the beam width and its variation based on the antenna parameters. We will also be measuring the time difference between sending and receiving to determine our total delay. If this delay is more than our maximum delay of 1 second, we will have to simplify our analysis of the data or vary the output frequency to reduce this delay.

	Although our purpose isn’t directly related to the power of our system, we’ll also have to determine overall charge of the battery, ability of the generator to charge the secondary battery (and variations with cyclist speed), and total run time based on average speeds. This will be tested through test runs and speed vs. charge tests on the generator. 

Ethical Concerns:

 this device’s purpose is to ensure a greater degree of safety for its users, we must guarantee a couple things. We must make sure that we are “honest and realistic in realistic claims or estimates based on available data”. (IEE Code of Ethics, 3) Once we’ve finished our final product, we need to make available accurate distance of detection, possibilities of picking up noise, refresh rate of the display, and so forth. Any guarantees regarding safety will have to be well tested before they are made to a consumer. We will also have to “accept responsibility in making decisions consistent with the safety, health, and welfare of the public”. (IEE Code of Ethics, 1) Continuing along the comments on safety, we need to make sure that there are clear directions regarding the use of this device, for if used incorrectly, it could cause more danger than if it weren’t installed in the first place (e.g. if the user diverts their attention to the road because they’re paying too much attention to the display, they would be in more danger, like a driver on a cellphone).










VI. Cost Analysis and Schedule

Cost Analysis:
	Part Number
	Description
	Quantity
	Total Cost

	
	BeagleBoard Rev C4
	1
	$149

	ALCD35LV
	3.5” LCD Video Monitor
	1
	$85

	DE-SWADJ3
	Adjustable switching regulator
	1
	$25

	T4000.4S.20
	Turnigy 4000mAh 4S 20C Lipo Pack
	2
	$28.60

	TO-220
	Linear Regulator
	1
	$1

	
	12V Bicycle Generator
	1
	$19.99

	01267
	Tenergy 3.7v-14.8v LIPO/LiFePO4 Balance Charger for 1-4 cells
	1
	$20

	
	Webcam
	1
	Free (self-provided)

	
	Bike
	1
	Free (self-provided)
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Schedule:
	WEEK
	TASK
	PERSON (in charge)

	2/6
	Discuss project and finish Proposal
Review competitions
Research display options
Research Proximity Sensor algorithm and options
Research Power system (Battery and generator),
     camera options
Research Microcontroller options
	Ian
Ian
Ian
Nate
Nate

Parth

	2/13
	Research antennaes and transmitting/receiving
     algorithm
Sign up for and start working on Design Review
Research Microcontroller options
Research displaying system, camera, and power
     System
Finalize component parts and order
	Ian

Ian
Parth
Nate

Nate

	2/20
	Finish Design Review
Review programming language for
     microcontroller
Research DSP and alerting system
Decide/Design circuit schematic for Power system
	Ian
Parth

Parth
Nate

	2/27
	Figure displaying data from camera to LCD
     Display
Decide/Design circuit schematic for Power system
Test power generator efficiency
	Parth

Nate
Ian

	3/5
	Build and test antenna/proximity sensor system
Incorporate display, camera, microcontroller with
    power system
	Ian
Nate

	3/12
	Finish Individual Report
Testing for efficiency and range for antenna
Finalize camera refresh rate to match display
     and microcontroller
	Ian
Nate
Parth

	3/19
	Spring break
	All

	3/26
	Test and debug DSP algorithm with
     microcontroller and antenna/proximity sensor
     system
Research and figure method for mounting devices
     onto bicycle
	Ian


Nate

	4/2
	Full integration test for entire system, test for 
     efficiency and functionality, debug if necessary
Start preparing for presentation and Demo
	Parth

Ian

	4/9
	Start preparing for presentation and Demo
	Nate

	4/16
	Start preparing for presentation and Demo
Start final documentation for Final Report
	Parth
Nate

	4/23
	Demonstrate results on Demo day
Final documentation for Final Report
	Ian
Nate

	4/30
	Finish Final Report
	Parth
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