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BIKE SAFETY SENSOR

Abstract
This report contains the details of our bike safety sensor’s design.  It describes the different components and design decisions we used to create the final product.  It will explain how we used the lidar sensors, ultrasonic sensors, servo motor, and vibration motors in detail.  Software design is also explained in this report.  The requirements and verifications are included in tables with tests to show the verifications.
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[bookmark: _Toc513068813]1. Introduction
The streets are a busy place, and it is impossible to be looking all around you at once. There could be a car approaching on your left while you are distracted by a flying newspaper.  You could be so confident in your turns that you don’t notice the trash bin right beside you. There are many dangers that exist on the open road, some coming at you directly and some unable to be moved by the impact of your bike.
Our solution to this problem is a belt with haptic feedback that will detect objects behind and to the side of you to give you a better idea of where the dangers are. This belt will vibrate when a car pulls up beside you or if you’ve stopped by a garbage can without noticing. The vibrations get stronger the closer the object is to give you a better idea of how imminent the dangers are. You no longer need to look around aimlessly trying to find every roadblock as this belt will tell you where they are.
There are other options to solve this problem currently on the market, but they are very expensive.  One example is a radar sensor that costs around three hundred dollars.  The radar device also uses a display system to show when objects are detected, which we looked to improve on by using haptic feedback instead.  Haptic feedback would allow the user to keep focusing on the road and use the sense of feeling to get feedback from the device.  Our device would also be much cheaper, because one lidar device is much less expensive than the radar sensor.  The rotating motor allows for one lidar to detect a range behind the bike.
1.1 [bookmark: _Toc513068814]High Level Description
The purpose of this device is to be able to detect approaching objects using the sensors and give feedback to the rider in the form of vibrations.  The original requirements for the device are:
· Detect objects from 1 to 12 meters away and alert user based on distance
· Have range of 60 degrees in 1d when measuring objects within 1 m around the wearer and detect 3 lanes of traffic (3.7 m each) up to 12 m behind the wearer
· Cost less than current commercially available radar sensor ($300)
· Run for at least 4 hours on a single charge

Some of these requirements changed during the development of our project when we learned more about the sensors and microchip.  The detection range changed to 7 meters because the range of the lidar changes in the daylight.



[bookmark: _Toc513068815]2 Design
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Figure 1 - Block Diagram

[bookmark: _Toc513068816]2.1 Power Module
The first thing we needed to do was provide power to the device. We also needed the power of the device to be small and compact, so the device could be portable. The obvious solution to this problem is to power the device using a battery. There are three ultrasonic sensors, one lidar sensor, one rotating motor, three vibrating motors, and one microprocessor that need power. The module consists of the battery and a voltage regulator.
[bookmark: _Toc513068817]2.1.1 Voltage Regulator
The voltage regulator needs to take the voltage from the battery and modulate it so that it can be used by the ultrasonic sensor, lidar sensor, rotating motor, microprocessor, and vibrating motor. The input voltage should be able to handle the operating ranges of the battery we choose and output a voltage that is within 5% of the required voltage of the other components.
The voltage regulator chosen for this is the L7806CV. This regulator operates between 7 to 35 V and produces an output voltage between 4.8 V to 5.2 V with an average of 5 V for its worst-case scenario [3].
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Figure 2 – Circuit diagram for voltage regulator

[bookmark: _Toc513068818]2.1.2 Battery
The battery of the device should be able to power the device for up to four hours. The reason we decided four hours was by taking the max current draw from the voltage regulator and dividing the mah of the battery by it. We initially decided to use a lithium ion battery as it would be the safest and easiest to obtain [4]. The battery output us through USB and it would be able to supply either 12 V for 6000 mah or 5 V for 12000 mah. Using the 12 V rating for 6000 mah, the battery should be able to supply four hours of power assuming the voltage regulator uses the max current draw (1.5 A).
The battery will be connected through a wire to the voltage regulator and exist as a free hanging object. The device can be stored in the wearer’s pocket or secured to the belt in a pocket or attachment.
Something we did not consider on the battery was that while the battery was capable of outputting 12 V, it only did so from a DC 5521 port. The way we connected our circuit to the battery was through a USB port on the battery. Something we didn’t consider when planning our design was that USB is only able to supply 5 V from its connection, and that requesting more power required a request on the data pins of the USB port. Due to this miscalculation, we are unable to draw 12 V from the battery pack without changing the cable on our device. In order to compensate for this oversight, we soldered the 5 V positive USB cable directly to the 5 V pin on the voltage regulator. This effectively made our voltage regulator useless as it had no input.
[bookmark: _Toc513068819]2.2 Sensor Module
The sensor module will be used to take information from the environment and feed it into the microcontroller.  It will use lidar sensors and ultrasonic sensors to gather information about distances.  It should be able to reasonably sense if there is an object behind the rider within 7 meters and become very accurate within 2 meters.
[bookmark: _Toc513068820]2.2.1 Lidar Sensor
The sensor that we initially chose is the Benewake TFMINI Micro LIDAR Module.  This sensor is affordable and works under regular sunlight conditions of 70 klux up to 7 m and up a max range of 12 m.  This sensor will be on a motor so that it can turn 60 degrees to detect things behind the wearer.  We first test the lidar sensor using an Arduino and breadboard, then convert it to work with a microchip.
[bookmark: _Toc513068821]2.2.2 Rotating Motor
The sweeping motor will be attached to the lidar sensor and must rotate back and forth across a 60 degree range behind the belt. The motor needs to be able to send data containing the current angle the lidar is facing. The motor we will be using is the Parallax Standard Servo #900-00005. This motor will be constantly running and operates with an average current draw of 140 ± 50 mA.
We initially had a 140° range behind the rider, but after some testing we found that to be impractical. The reason we chose to rotate for 60 degrees was to get an area behind the belt that would span across three adjacent lanes of vehicles. The standard length for a highway is 3.7 meters [5], which also happens to be the widest type of road we would encounter. We then use this distance along with the assumed 7 m distance that the lidar sensor would be able to detect to find the angle that the motor would need to turn. We also assume that a car driving down an adjacent lane would fill the lane, so the sensor would not need to scan all the way into the second lane to detect the car. We ended up deciding halfway into the second lane would give us enough time to detect a car and rotate back in time.
[image: ]
[bookmark: _Ref513022475]Figure 3 - Diagram to show how angle was determined based on sensing distance of lidar
Based on the diagram in Figure 3, we can calculate the angle θ that the motor is required to rotate based on how far the lidar sensor is able to detect.
	
	(1)

	
	


From Equation 1 and using a value of x = 12 m, which is the maximum distance that the lidar is rated for, we get an angle θ of 17.14°. However, the maximum distance of 12 m is only in an ideal situation. To be safe, we assumed that the rider would be using the device during standard daylight hours, so the range of x is reduced to 7 m. This gives us an angle of 27.86°, which we then rounded up to 30 for simplicity. The motor will have to scan both sides of the rider, so we account for this by rotating 30° on both sides.
[bookmark: _Toc513068822]2.2.3 Ultrasonic Sensor
The ultrasonic sensors that we will use are the HC-SR04 Ultrasonic Distance Sensor Modules. These sensors are cheap and accurate up to 4.5 meters [6]. There will be three of these sensors that will be on the left, right, and center of the back of the wearer. The purpose of these sensors is to give more accurate feedback at shorter ranges.
The sensors will be mounted on the back and sides of the rider to give a closer “bubble” around the rider that will set off the vibration motors if anything is within that space. We only chose the sides and back of the rider as the front of the bike will be in sight of the person riding the bike.
[bookmark: _Toc513068823]2.3 Feedback Module
The feedback module consists of a collection of three vibrating motors. The motors will be located at the left, right, and back side of the belt. The motors need to be able to vibrate at different intensities to signal how close an object is to the wearer. The motors will be supplied power from the battery and voltage regulator, and the control module should dictate when and how strong each of the motors will vibrate.
[bookmark: _Toc513068824]2.3.1 Vibrating Motors
The vibrating motors are connected through a transistor.  The microchip gives a signal to the transistor and the duty cycle of the signal controls how powerful the vibration is.  
[image: ]
Figure 4 – Motor Circuit diagram
[bookmark: _Toc513068825]2.4 Control Module
The purpose of the control module is to process the inputs from the sensors and control the outputs to the vibration motor.  This is done with a microprocessor chip.
[bookmark: _Toc513068826]2.4.1 Microcontroller
The control module consists of an atmega328 processor which is also the same chip used on arduinos.  This chip could be programmed using the same code as the Arduino, and can output different voltages to any pin on the chip.  This chip requires one 10 kilo ohm resistor, two 18 microfarad capacitors, and one 16 megahertz oscillator.
The lidar sensor must be connected to the scl and sda pins in order to use the i2c protocol.  The chip needs 5 volts to operate.  The program for the microchip has one main loop which controls the servo, lidar, ultrasonic sensors and vibrating motors.  We ran into some problems while programming because it was difficult to make everything work off of one processor.  The problem we ran into is that the program does not work properly when a delay is used.  There is a delay when the ultrasonic sensors are used because the sensor sends a pulse then waits for the pulse to return.  This becomes a problem because every sensor sends a pulse and waits so the delay time adds up.  This problem can be resolved by using an interrupt pin so that the rest of the program can continue executing while the interrupt of the pulse can come at any time.  Another problem we ran into was that the output pins to the vibration motors used a delay to create the correct duty cycle.  This delay interfered with the other sensors.  This can be fixed by using the analog output pins that can output a duty cycle by themselves.



[bookmark: _Toc513068827]4. Costs
One of the goals of this project was to keep the total cost of the components under $300. The reasoning was that there are devices on the market right now that are available for $300, so for our device to be an improvement we would need to lower that cost.
[bookmark: _Toc513068828]4.1 Parts
Table 1 - Parts Cost
	Part
	Manufacturer
	Cost
	Quantity
	Total Cost

	L7805CV
	STMicroelectronics
	$0.45
	1
	$0.45

	Ultrasonic Sensor
	SparkFun Electronics
	$3.95
	3
	$11.85

	Lidar Sensor
	Benewake
	$39.00
	1
	$39.00

	ATMEGA328P
	Microchip
	$2.28
	1
	$2.28

	Battery
	TalentCell
	$33.99
	1
	$33.99

	Vibrating Motor
	Adafruit Industries LLC
	$1.95
	3
	$1.95

	Rotating Motor
	Parallax Inc.
	$13.95
	1
	$13.95

	2N4401G
	ON Semiconductor
	$0.24
	3
	$0.72

	16 MHz crystal
	SparkFun Electronics
	$1.25
	1
	$1.25

	Total
	
	
	
	$104.72



[bookmark: _Toc513068829]4.2 Labor
Table 2 - Labor Cost
	Name
	Hourly Rate
	Hours
	Total * 2.5

	Jerry Pitts
	$35
	200
	$17500


	Edward Wang
	$35
	200
	$17500


	Total
	
	
	$35000




[bookmark: _Toc513068830]5. Conclusion
[bookmark: _Toc513068831]5.1 Accomplishments
In this project, we learned much about what it takes to create an electronic device.  It was very difficult and we had some pitfalls. It is important to plan ahead and choose the correct components that can work together.  We also created a product that mostly did what it is supposed to do, and learned about lidar and other sensors.
[bookmark: _Toc513068833]5.2 Ethical considerations
Lithium ion batteries are known to malfunction when overcharged or at high temperatures [4]. Most of these issues can be avoided as the batteries usually come with overcharging protection. We must also consider how the battery is stored while the person is riding. The battery needs to be held on the person’s body and either carried in their pocket, a backpack, or on the bike itself. There could be a mount that would attach to the bike and allow for storage of the battery, lidar sensor, and control module.
Since we are using vibrating motors to alert the wearer where the dangers are coming from, the motors must be strong enough to alert the person but not enough to shock the person. Shock meaning both electrical shock and scaring the person that is wearing the device. We also cannot have a super strong motor that is constantly running while a person is right next to an object.
An important thing to note is that while this device will alert someone to the dangers around them they still need to be aware of their surroundings. A person cannot solely use this device to navigate around. This is not a replacement to paying attention to your surrounding but should be used as an assistance device.
[bookmark: _Toc513068834]5.3 Future work
Some future work on this project could include making it work better on the bike and giving it a better physical design.  We could also add more features and make it more reliable. It could be useful to be able to tell which kind of object is coming up behind.
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Battery
	Able to supply power for a minimum of 4 hours.

	Voltage regulator supplies a max of 1 A at 5 V. The battery has 6000 mah at full charge operating at 12 V. This leads to a 6 hour operation time.




Voltage Regulator
	Supplies 5 V ±5%.

	Battery will apply unregulated 12 V while the regulator will convert that to 5 V with a min of 4.9 V and max of 5.1 V and have a max operating current of 1 A.




Lidar Sensor
	Detects up to 3 lanes of traffic with an average of 7±5% m behind wearer. (Standard US interstate highway width is 3.7 m)

	Mounted on a motor that will rotate back and forth between -30 and 30 degrees. Motor will only sweep halfway into adjacent lanes (because cars are wide). Calculations done assuming 7 m range for average sunlight conditions as stated by datasheet. (refer to calculations)




Ultrasonic Sensor
	Detect objects from 0~1 meter away from the sensor.

	Sensor is able to detect objects up to 4 meters away at max range, however there is a 2 cm blind spot in-front of the sensor.






Servo Motor
	Have a range of motion between -30 to 30 degrees.

	Motor holds any position between 0 and 180 degrees.







[bookmark: _GoBack]Microcontroller
	Must be able to run at a voltage of 5.0V ± 5%.

	Make a simple test program to light an LED using one of the input output pins, and test with the microchip powered from 4.75 to 5.25 Volts.


	Must be able to turn vibration motors on and off.

	Test the output of the microchip to make sure that it can control up to 5 Volts for the motor and measure using a voltmeter in the lab.


	Must be able to take input values from the lidar sensor, ultrasonic sensors, and the servo motor.

	Make a program to light up LEDs when signals are received from the sensors.  Different LEDs will light up based on which sensors are detecting and what angle the servo motor is facing.




Vibration motors
	Be able to buzz strong enough to alert the person wearing it.

	Motor operates at 11000 rpm with a 5 V input.
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Figure 5 – Motor Circuit diagram
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Figure 5 – Motor Circuit diagram

image1.png
Power Module

Battery

Voltage
Regulator

3 Ultrasonic
Sensors

Rotator
Motor

Control Module

Processor

Sensor Module

Legend

12y —
[V A——
Data e

3 Vibrator
Motors

Feedback Module




image2.png
€, =0.33pF =

L78

= Co=0.1pF

eszsam




image3.jpg




image4.png
T2
25C1740

—,





image5.png
i,

FERD
LT [Py
=N
Sro e
[ Fa | oo AIDAR
=1
!v
Ll
=z -3 -
' 753 | e s L vz
T ULTRASD WM RO LLTRASO W M- SROAY LT RASOM KW 5RO
=2
=L
ATWECH L2100
Lok - =E
- rmm=recia ecoomen |5 e
Ircmancieat 2L oo
E IFoimanczes 2
2w Fonnanoen [
ETH e IPoiAsDcamweoy |20
IPeiaancuzapes [
3] rogarairascece
10| mourzirascecin
IPciaRaemn (1
IPoinraoen
. @o IFcianrmeme (1
iPonaprnocmem [
L \Peoma e | E
IPoonrnocmyers 1L
IPooasrmaree 12
IPcoaspeDr (3
o =) [ a— ]
IPeimas as el 12
|Pemzmacieer [1E
IPcommiacagees [T
IPohkETee [T
IPoeimaiees [
KL L T2
SC LT =11 150LT40
L0
REz
]





image6.jpeg




