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Executive Summary

Despite the many attempts of automakers to improve road safety with technology, auto-related collisions and deaths
remain a threat to everybody who travels in a vehicle. In fact, numbers regarding auto-related deaths are increasing.
Much of this uptick in fatalities is due to an increase in hit-and-run collisions. We see here that whatever active safety
implementations an automaker may propose, the human element intervenes, thus diminishing the efficacy of vehicular
safety mechanisms. Short of a complete transition in the transportation infrastructure from human-operated vehicles
to computer-operated ones, it is evident that further solutions are required to solve, or at least mitigate, the issue of
hit-and-run collisions.
In an effort to address the issue of hit-and-run collisions, this project aims to develop a device intended for use in
consumer vehicles. This device is named Collision Response and Sensor Heuristics (CRaSH). The CRaSH device
will actively monitor and log data regarding the vehicle (e.g., black box data) and store this data securely in onboard
memory. If two vehicles are involved in a collision (assuming both are CRaSH-equipped), an included telematics
system will trigger and the vehicles will securely exchange their respective data. To guarantee data privacy and
security, the system will utilize a combination of body-impact sensing, acceleration measurements, and software to
initiate a data exchange only in the event of an actual collision with another CRaSH-equipped vehicle. As a means
for law enforcement to quickly obtain this data, the CRaSH device will discourage would-be hit-and-run perpetuators
from fleeing the scene. Hence, these goals of the CRaSH device encompass our approach to solving the hit-and-run
dilemma.
In producing the CRaSH device, we will develop a vehicle prototype to simulate the common characteristics of a
standard consumer-level vehicle. Upon this platform, the CRaSH device itself will be implemented. Utilizing existing
IC technologies, we will interface various sensors with a processing unit to gather vehicle data. This data will be
logged onto SD memory and stored for transmission. The vehicle prototypes will be outfitted with chassis-mounted
force-sensitive resistors to gauge body impacts. These impacts will be judged as signifying actual collisions by the
cooperation of accelerometer readings and team-developed software. The telematics system, implemented with wire-
less 2-way chips, will initiate only when a proper collision is determined to occur. Upon such an incident, data from
vehicle A will be written to vehicle B and vice-versa.
Successful completion of this project relies upon the delivery of many components. Provided the necessary resources
to facilitate our project, we will produce and deliver the following in a 3 month period:

1. Two vehicle prototypes capable of functioning so as to provide vehicle speed and direction of travel.

2. Two CRaSH devices implemented with the above vehicle prototypes. The feature set of each device is as
follows:

(a) Movement/direction sensing

(b) Data logging

(c) Onboard data storage

(d) Impact/acceleration sensing

(e) Wireless telematics system

3. Custom software to facilitate the following:

(a) Driver functions to control individual sensor operations

(b) System software to control inter-communication between all components

(c) System software that guards against false-positive collision reads

4. Test modules (results for inclusion in report) to gauge veracity of all hardware and software components.

5. Working presentation of the vehicle prototypes outfitted with CRaSH devices.

6. Technical report detailing the development process, test results, and suggestions for future development.
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Introduction

Hit-and-run collisions is a growing problem which has implications not only for people who own a vehicle, but also
for anybody who uses a vehicle for transportation. As data will show in the Background section, hit-and-runs are
statistically increasing year-over-year. Most importantly, the growth here also correlates to an increase in fatalities. As
such, it becomes apparent that anybody who uses a consumer vehicle has a vested interest in the problem of hit-and-run
collisions. In developing a solution to this, two questions are revealed: how do we reduce the numbers of hit-and-run
collisions and, for those that we do not prevent, how do we increase the chances that a perpetrator is apprehended and
brought to justice? The answers to both questions are found in the CRaSH device.
The CRaSH device is poised to solve the problem of hit-and-run collisions by means of an in-vehicle system that
actively logs state/behavior of the vehicle, and, upon incident of a collision, initiates a wireless exchange of data with
the other vehicle. The implication here is that any vehicles possessing a CRaSH device, and involved in a collision, will
possess an onboard digital record of the accident details. Vehicle data such as speed, direction, and make/model/VIN
are included in this record, which suggests to a potential hit-and-run perpetrator that chances they may be apprehended
are greatly increased. This notion extends confidence to the consumer who may purchase a CRaSH-equipped vehicle.
Additionally, the data itself will serve as evidence for law enforcement and insurance companies. Thus, the CRaSH
device mitigates the hit-and-run problem while also satisfying the consumer-vehicle market.

Background

It is no mystery that driving is a dangerous proposition—surely we have all heard the old statistics that have since
become cliches: “You are more likely to die in a car accident, a block away from your house, than die in an airplane
crash.” Now we may have mixed two cliches into one here, but the point is that most everybody realizes the inherent
danger of driving a car. Currently, automakers are trying to stem the problem with various safety features such as
airbags, ABS, and lane-drift sensing. However, despite the increased number of active/passive safety systems in
modern vehicles, auto collisions and the related fallout remain a problem. To put a finer point on this, consider these
statistics:

• Hit-and-run deaths have increased 13.7% over a three-year period according to the most recent statistics.

• Los Angeles has reported that half of all collisions in the city involve a hit-and-run scenario [1].

Considering that in-vehicle safety features are growing in numbers, yet collisions and subsequent deaths are also on
the rise, then where does the solution exist? Many would suggest the self-driving cars that are much discussed as
of late. However, we all must be aware of the immense amount of bureaucracy and infrastructure that must change
before that ever becomes a reality. Therefore, the most compelling reason that argues the relevance of this project
is simple—it will save lives. As the ubiquity of such a device increases, increased driver responsibility on the road
will also increase. When there exists a method to hold people accountable for their actions on the road, many of
those who are apt to drive recklessly will certainly think twice about this behavior. Most importantly, the opportunity
to apprehend perpetrators of hit-and-run collisions will increase. Again, as this system becomes ubiquitous, driver
responsibility will be dictated by more self-awareness which will result in decreased hit-and-runs and fewer fatalities.

Development Plan

Product Description

As previously discussed, the CRaSH device will be utilized to actively log data about the state and behavior of vehicle
A. The device will also determine when a collision has occurred with vehicle B and, if so, initiate a telematics system.
Upon triggering of the telematics system, log files of data A and data B will be exchanged wirelessly between vehicles.
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In the aftermath of a collision, both vehicles will possess a digital record of the state, behavior, and identity of each
respective vehicle just prior to the collision.

Figure 1: Visual representation of the CRaSH device functionality.

The data that is to be logged and reported by our CRaSH device is divided among two categories: static and variable.
The static data describes unchanging characteristics of the vehicle and will include make, model, color, and vehicle
identification number (VIN). These data are intrinsic to the unique identity of the vehicle and, therefore, will be stored
in the CRaSH device memory with secure restrictions (no write permissions). Variable data encompasses the state and
behavior of the vehicle at any given moment. The CRaSH device will record wether or not the vehicle is on or off
(ignition state), and if it is moving forward or in reverse (transmission gear). Furthermore, our product will measure
wheel speed (speedometer) and direction of travel. Lastly, in the event of a collision, log files exchanged will note the
date and time of the event.

Product Requirements

The primary performance consideration for the CRaSH device is reliable data exchange between two vehicles. Relia-
bility here is measured by two factors: integrity of the actual data that will be logged and context-appropriate triggering
of the telematics system. To satisfy the first requirement, we will develop drivers for all components and test each for
accuracy. The second requirement necessitates the development of algorithms which guarantee the telematics system
is only triggered in the event of a collision. To guard against false-positives, we will utilize the combination of sudden
acceleration changes and chassis impact to detect a true collision.
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Product Constraints

Table 1: Table of Component Connection Constraints

Pin Connections
Model Measurement Price Supply Voltage SCL SDA TX RX Digital

LSM303 Acceleration & Direction $14.95 5V or 3.3V 1 1 0 0 0
XBee S1 Wireless Communication $22.95 3.3V 0 0 1 1 0
QRE1113 Wheel Speed $2.95 5V or 3.3V 0 0 0 0 1
DS1307 Time $9.00 5V 1 1 0 0 0

Subtotal and pin count: $49.85 2 2 1 1 1

Upon selecting the components, the product constraint of main concern is the processing unit to be used. We assembled
a constraints table with the focus on reducing cost and size.

Table 2: Processing Comparison

Model Price Size I/O Storage CPU RAM
Raspberry Pi B+ $40 85x56x17 mm 40 GPIO Micro SD 700 MHz 512 MB
A13 OLinuXino $45 100x85 mm 68 GPIO Micro SD 1 GHz 256 MB

BeagleBone Black Rev C $55 89x55x15 mm 92 GPIO 4GB Onboard 1 GHz 512 MB
Arduino Uno Rev3 $25 69x53 mm 14 Digital Micro SD (external) 16 MHz 2 KB

Although there are smaller units on the market, yet they do not satisfy our I/O requirements as noted in Table 1. As a
result, the Uno is the most cost-effective and smallest of available options for our application.

Key Features

Figure 2: CRaSH system architecture: subsystems signified by gray boxes and components by blue boxes. Arrowed
lines indicate I/O.
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Vehicle Prototype

This subsystem is the platform upon which the CRaSH device is interfaced. The vehicle prototype will simulate
the basic workings of an actual vehicle which is required for development of this project. This particular product is
designed specifically for prototyping with the Arduino, which is the primary design consideration in choosing this
component. The dual layers of this vehicle prototype provide us with sufficient space and wire pass-throughs to mount
the necessary subsystems.

Data Acquisition

The data acquisition subsystem consists of an IR reflectance sensor, compass, and real-time clock. These components
are interfaced with the processing unit. Driver software will be developed to facilitate their proper operation.
The QRE1113 IR reflectance sensor, which is used to measure wheel speed, will be mounted at one of the wheel axles
with the IR emitting LED and IR sensitive phototransistor directed at the inner surface of the wheel hub. The wheel
hub will be painted black with a white stripe—as the wheel rotates, the amount of reflectance is measured (white stripe
passing the sensor will indicate a single rotation). Other options we considered were a Hall Effect sensor (magnetic)
and wheel encoders. Research proved the former option to be unreliable for this application, and the latter to be overly
complicated and expensive. Thus, the IR reflectance sensor proved to be most reliable, cost effective, and appropriately
sized for the purpose of our project.
The LSM303 compass, or magnetometer, is used to measure cardinal/intercardinal (N, S, E, W, NE, NW, SE, SW)
direction of vehicle travel. This component communicates orientation relative to magnetic north through the I2C port
on the processing unit. Again, software will be written to interpret the sensor’s measurements of magnetic north and
determine direction of travel. This component is packaged in the same chip as the accelerometer, which is the deciding
factor for using this particular device. Having the two components on the same chip reduces overall device footprint
and reduces the cost/complexity involved with using two separate chips.
The DS1307 real-time clock is used to append time stamps to data logs.

Collision Detection

Collision detection is managed by the LSM303 accelerometer and chassis-mounted force-sensitive resistors. Similar
to airbag deployment applications, the accelerometer will be used to measure sudden changes in acceleration that are
incongruent to normal vehicle operation. Contrary to airbag implementations, the CRaSH device must determine the
smallest of collisions, so the triggering threshold must be lower in our application. Therefore, relying solely on the
accelerometer readings would result in false-positive triggering in aggressive driving situations. To overcome this
problem, we will implement the force-sensitive resistors as a compliment to sudden accelerations. We will implement
software that waits for sudden accelerations and, at the onset of such an event, looks for an accompanying disruption
in the array of force-sensitive resistors.
The force-sensitive resistors (FSR) will be mounted around the prototype vehicle in a fashion that measures pres-
sure/impact around the perimeter of the vehicle. Rather than wrapping a continuous strip around the vehicle, we will
implement separate FSRs strategically placed to gauge specific areas of impact (see following figure for example).

Figure 3: Measurable areas of impact (pink) for CRaSH device.
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The choice for the accelerometer used in this subsystem is reasoned on the same basis as the magnetometer in the
Data Acquisition subsystem—two operations in one module reduce device size, cost, and complexity. As for the
FSRs, these were selected for their thin and variable form factors which accommodate an unobstructive chassis-mount
application.

Processing & Storage

Processing is managed by the Arduino Uno Rev3 board; data logging is stored with the Arduino Wireless Shield. As
indicated in Tables 1 and 2, the processing unit was selected according to the minimal amount of I/O pins required for
this project—this is to reduce cost and size. The wireless shield was selected for three reasons: stackable with Arduino
Uno, SD card slot, and a stacking interface for the XBee wireless module. All of the sensors used in this project will
be connected via the digital I/O stacking headers on the wireless shield—this assembly will be mounted to the vehicle
prototypes. The drivers that manage the sensors and the system software will be stored and run from the Uno’s internal
memory.

Telematics

The XBee S1 wireless module will be connected to the Uno via the wireless SD shield. The system software will
include algorithms that manage the wireless module’s visibility (only visible at the onset of a collision). Upon incident
of a collision, the wireless module will receive data from the other vehicle and log the pertinent data to the SD card.
In considering which wireless technology to use, we evaluated RFID, NFC, and bluetooth—each having a deficiency
for the purpose of this application. RFID, which requires separate transmitters and receivers, introduces unnecessary
hardware complexity. NFC data transactions occur in relation to transmitter A/receiver B proximity, which again
requires far too much hardware to outfit an entire perimeter of a vehicle. Lastly, bluetooth modules are slightly
more expensive than the XBees and our initial research proved that bluetooth is more difficult to implement custom
programming. Hence, the XBee is the optimal choice for our wireless application.

Characterizing and Performance Testing

The CRaSH device will be tested thoroughly for consistent and accurate performance. The following is a breakdown
of the testing/verification stages for individual modules:

1. IR Reflectance Sensor (speed measurement)

(a) Stage a series of timed travels in a specified distance with which to judge against the outputs of the driver
code.

(b) According to results in part a, correct code to produce measurements of feet-per-second within 5% error.

2. Digital Compass (cardinal/intercardinal direction)

(a) Judge the outputs of the driver code for this module against corresponding compass measurements.

(b) According to results in part a, correct code to produce accurate vehicle orientation (N, S, E, W, NE, NW,
SE, SW).

3. Real-Time Clock (time stamps)

(a) Stage a series of complete system power cycles and compare outputs of the driver code to another time
source.

4. Accelerometer (directional force)

(a) Establish a table of threshold readings from the accelerometer for a series of collision scenarios:

i. Rear (low, medium, high)
ii. Front (low, medium, high)

iii. Driver-side front quarter (low, medium, high)
iv. Driver-side (low, medium, high)
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v. Driver-side rear quarter (low, medium, high)
vi. Passenger-side front quarter (low, medium, high)

vii. Passenger-side (low, medium, high)
viii. Passenger-side rear quarter (low, medium, high)

(b) Test the table above for reliability in a series of repeated collisions in both moving and stationary scenarios.

(c) According to results in part b, correct code to produce reliable readings of sudden and incongruent accel-
erations.

5. Force-Sensitive Resistors (impact)

(a) Test all resistors for reaction (voltage change) to physical pressure.

6. Wireless SD Shield (data logging)

(a) Test a series of writes to SD card via the outputs of test cases 1-5.

7. XBee Wireless Module (telematics)

(a) Test a series of data exchanges between two modules.

Once we have completed 1-7 above, the individual modules are verified. Following this, we will test our software for
performance on the following criteria:

1. Collision Detection

(a) Using the outputs of accelerometer and FSRs, our software will discriminate between an actual collision
and simple chassis pressure (e.g., somebody leaning on/kicking the car).

(b) Upon incident of a collision, our software will employ a handshake procedure (wireless networking) which
will differentiate a collision between a CRaSH-enabled vehicle and one without (e.g., tree, wall).

2. Security

(a) In the event of simple chassis pressure, the CRaSH system will not initiate the telematics system.

(b) In the event of a collision with a vehicle/object not equipped with CRaSH, the telematics system will not
be initiated.

The completed CRaSH system will perform reliably and accurately in the following scenarios:

1. Head-on collision (both moving).

2. Rear-end collision (both moving).

3. Side collision (both moving).

4. Repeat 1-3 with only 1 vehicle moving and 1 stationary.

5. Non-collision chassis pressure on vehicle.

6. Single vehicle collision with inanimate (no CRaSH device) object.

7. Dual vehicle collision (within wireless transmission range) with inanimate object.
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Estimated Product Cost

Table 3: Bill of Materials (part 1)

Part # Part Type Quantity Cost (ea.) Notes
ATMEGA16U2-MU Microcontroller 1 $2.20 Processing component
ATMEGA328P-AU Microcontroller 1 $1.81 Processing component
LMV358IDGKR Op-Amp 2 $0.25 Processing component
SN74LVC1G125DCKT Buffer Gate 4 $0.33 Wireless component
MC33269ST-3.3T3 Voltage Regulator 1 $0.29 Wireless component
LMV358MMX Op-Amp 2 $0.31 Wireless component
XB24-Z7WIT-004 Wireless Radio 1 $17.99 Wireless component
LSM303DLHC Accelerometer/Magnetometer 1 $2.76 Collision & direction
QRE1113 IR Emitter/Transceiver 1 $0.40 Speed sensing
DS1307 Real-Time Clock 1 $0.19 Time

Subtotal 1: $28.08

The following items are variable—totals are estimates.

Table 4: Bill of Materials (part 2)

Part # Part Type Quantity Cost Notes
30-81794 Force-Sensitive Resistors Variable ~$25.52 Impact sensing
CR-comp001 Aggregate of Caps, Resistors, etc. Variable ~$12.00 Device

Subtotal 2: $37.52

Subtotal 1 and 2 are combined to achieve the total estimated CRaSH device cost:

Estimated Cost: $65.60

Schedule and Milestones

The key efforts and milestones are listed below. The project will be completed in three months. Team members will
meet with the faculty advisor for progress appraisals every two weeks.

Key Tasks & Milestones

• (January 19) Demonstrate all sensors interfaced successfully with processing unit.

• (February 02) Demonstrate the complete CRaSH device interfaced with vehicle prototype.

• (February 23) Demonstrate successful wireless transmission of data between two vehicles.

• (March 09) Give oral presentation to industry panel.

• (March 09) Submit final report.
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Deliverables

The following is a list of the items to be delivered upon completion of the project:

1. Two working vehicle prototypes that support the CRaSH device functionality. These vehicles will operate in
forward/reverse motion, with variable speed.

2. Two CRaSH devices interfaced with the vehicles. Each device will include:

(a) Circuitry and sensors to measure wheel speed and cardinal/intercardinal direction.

(b) Circuitry and sensors to determine On/Off status and forward/reverse motion of vehicle .

(c) Chassis-mounted force-sensitive resistors and accelerometer to measure incident of collision.

(d) Onboard SD card reader/writer for data logging.

(e) Wireless XBee module for wireless data exchange between two vehicles.

3. Software that facilitates the full operation of the CRaSH device. This will include:

(a) Drivers that allow for accurate data reading from each sensor/module.

(b) Software that facilitates reliable data logging and accurate collision detection.

(c) Software that facilitates reliable data exchange between two vehicles.

4. A technical report that provides the following:

(a) Project objective.

(b) Development methodology. This will detail the development process for each system component.

(c) Technical data pertinent to each system component: circuit diagrams, relevant datasheet specs, etc.

(d) Software specification.

(e) Test results:

i. Sensor reading.
ii. Data logging.

iii. Collision detection.
iv. Wireless data exchange.

(f) Proposed future work.

(g) Conclusion.

5. A working demonstration to be presented.
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Budget

Table 5: Budget Estimate for CRaSH Device

Item Unit Price Quantity Total
Vehicle Prototype $32.00 2 $64.00
Arduino Uno $24.85 2 $49.70
Accelerometer + Compass $14.95 2 $29.90
XBee S1 Wireless Chip $24.95 2 $49.90
Line Sensing Chip $2.95 2 $5.90
Real-Time Clock $9.00 2 $18.00
Passive Components ~$15.00 1 $15.00
Wires, Fasteners, etc. ~20.00 1 $20.00

Subtotal $252.40
Tax (10%) $25.24
Shipping $45.00

Total $322.64
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