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Introduction



Project Goal Statement

Our goal is to design a product that will allow a 
car to follow another car at a fixed distance, 
while compensating for any change in speed of 
the leading vehicle.



Rationale & Significance

• Adaptive Cruise Control (ACC) currently 
only available on high-end cars

• ACC more useful for city driving than 
conventional cruise control (constant 
velocity)

• Universal ACC will not be available for 
purchase in the foreseeable future



Virtual Prototype & 
Requirements Verification

• Valve Actuation Driver
• Tachometer Conditioning
• User Controls
• Basic Stamp
• LCD
• Throttle Control
• Laser Ranging



Valve Actuation Driver



Valve Actuation Driver Circuit

Required Components
1 k, 10 k Resistors

Two Q2N3904 BJT Transistors



Valve Actuation Driver Circuit Performance

Delivers ample current to drive valves (almost 300 mA)
Basic Stamp sources less than 400 microamps

Iin Vs. Time

Ivalve Vs. Time



Requirements Verification

2-2) Cruise shall operate over a range of 10-15 
volts DC

Valves require 10-15 volts DC.  All other active 
components need 5 volts DC, which is supplied 

from  a voltage regulator.



Tachometer Conditioning

Adapting Tachometer Signal
To Usable Form



Conditioned Tachometer Signal
• 0-5V
• 8 ms fixed pulse width
• Can interpret signals up to 125 Hz
• Safely used as Basic Stamp input

Basic Stamp can easily measure
the periodic frequency of the 555
timer’s output.

From Tachometer Signal to Usable Wave

Original Tachometer Signal
• Periodic Frequency : 25-60 Hz
• Voltage Range :  0-400+ V
• Duty Cycle (spike) : 0.0002
• Harmful to integrated circuits



User Controls



Original Switch

OFF

ON
  Set
Coast

Resume
  Accel



Adapted Switch

• Coast
• Accel

OFF

ON
      Set
Advance

Resume
Recede

• Set, Resume, and power 
switch remain unchanged.

Advance
Recede



Requirements Verification

4-1) One shall be able to turn unit on or off 
inside cab of car

The power button from the previous cruise 
control installation will provide this ability. 



Requirements Verification

3-3) Controller portion of system shall be smaller 
than 6” x 8” x10”

The microcontroller fits inside the dimensions
3” x 3.5” x 1”



Requirements Verification

3-2) Sensor shall not horizontally protrude beyond 
6” from car

All components used in this design will be 
contained in the engine compartment, above the 
bumper, and in the cab. Therefore, nothing will 

protrude more than 6” from the car in any direction.



Requirements Verification

3-1) User interface portion of system shall be 
smaller than 4” x 6” x 10”

The LCD display measures 3.25”x1.5”x1.5”.  The 
buttons to operate the cruise control are already in 

the car, so they take up no additional space.



Basic Stamp



Basic Stamp Layout



LCD



LCD Integration

• Uses RS-232 capabilities of basic stamp
• Very useful debugging tool
• Desired Requirement

Line1: Target Distance Null (Always shown)

Line2: Vehicle Speed (Always shown) (Will eventually show target speed)

Line3: Desired Distance(Only shown when active)

Line4: Status Indicator (Reports errors, change in state) 



Throttle Control



Speed Calculations
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35.95 35.95 6954.10 6954.10 1078.50 35.00 60.01 59.99
42.73 42.73 5850.23 5850.23 1282.00 40.00 63.98 63.96
48.15 48.15 5192.11 5192.11 1444.50 45.00 66.34 66.32
53.85 53.85 4642.53 4642.53 1615.50 50.00 68.32 68.30
59.90 59.90 4173.62 4173.62 1797.00 55.00 70.01 69.99

0.83507 Slope -0.00719 1/Slope -139.0240108
4.98350 Y-Intercept 85.02

Speed = -tach/139 + 85



Requirements Verification

1-2) Cruise following distance shall be greater 
than 2(sec) x (leading vehicle’s speed (ft/sec))

The Basic Stamp’s twenty megahertz processor is 
fast enough to perform the simple calculation to 
check this.  If there is a problem the system will 

respond accordingly.



Three Valves to Control Throttle

1. Vacuum Valve
• Naturally Closed
• Opens on 12V DC

2. Primary Release Valve
• Naturally Open
• Closes on 12V DC

Valves
1     2     3

3. Secondary Release Valve
• Naturally Open
• Closes on 12V DC



Valve Operation



Laser Ranging



Laser Ranging Control

• To power on, set trigger low.
• Return trigger high for 3 seconds for system 

to initialize
• Set trigger low to gather continuous 

distance readings



Laser Ranging Measurements

• Measures distance in seven tenths of a second 
intervals

• Outputs to Basic Stamp via serial interface

• Output is in form $BM,(6 character distance 
value),M(meters),D,(hexadecimal checksum)

• Example: $BM,1.25,M,D,AA

• The Basic Stamp will  parse character into an 
integer value



Requirements Verification
2-1) Cruise shall use less than 100 watts of 

power at any given time

Component Voltage (V) Current (mA) Power (W)
Throttle Actuator Circuitry
Vacuum Valve with driver 12.0 270 3.24
Release Valve 1 with driver 12.0 270 3.24
Release Valve 2 with driver 12.0 270 3.24

Basic Stamp board max 5.0 50 0.25
Laser Tech - Impulse 100 12.0 300 4.00

Tachometer Circuitry
LM555 Timer 5.0 0.001 0.005

14.1Total Maximum Power



Laser Ranging

Laser Technology – Impulse 100



User Side

Sensor Side

Laser Tech – Impulse 100

• Range :  300 meters
• Accuracy :  3 cm
• Supply : 10-15 V
• Refresh Rate : 0.7 seconds
• Eye Safety : FDA Class 1 (CFR 21)

• Can operate through RS-232 port 
and can be controlled by a Basic 
Stamp microcontroller

• Requires mounting bracket
• “Black Box Benefit”



Requirements Verification

1-1) Cruise shall match target distance between 
leading and following cars within +/- 20 feet

The Laser Tech Impulse 100 has an accuracy of 
3cm which is well under 20 feet



Requirements Verification
6-1) Cruise shall sense any car directly in front of 

operator’s car within 200 feet

The Laser Tech Impulse 100 has a range is over 
900 feet which is well above the minimum



Requirements Verification

5-1) Entire unit shall weigh less than 10 lbs.

The entire cruise control weighs less than 8 
pounds, far less than the maximum weight.



Failure Mode & Effects Analysis
(FMEA)



Failure Mode & Effects Analysis 
(FMEA) Summary

• There are five functional components in our 
system: throttle actuator, distance 
measurement device, microcontroller, LCD 
screen, and emergency shut off.

• All failure modes have harmless effects if 
the user is aware of the situation and 
behaves as a responsible driver should.



Failure Mode & Effects Analysis 
(FMEA) Summary (continued)

• The most dangerous failures occur when the 
throttle actuator is opening to increase the 
speed of the car

• Failure detection is awareness of driver to 
the distance between the cars, and also 
checking the LCD for exact measurement of 
that distance



Failure Mode & Effects Analysis 
(FMEA): Conclusion

• All failure modes, including those that 
could potentially lead to damage of property 
or loss of life, can be overcome while still 
providing users with a quality product



Cost Analysis&
Bill of Materials



Cost Analysis Itemized List

Expenses Hours Hourly Cost Cumulative Cost

Physical Prototype 139.20 $75.00 $10,440.00

Test Plan 24.00 $45.00 $1,080.00

Test Report 67.20 $75.00 $5,040.00

Final Report Draft 48.00 $45.00 $2,160.00

Final Oral Presentation 8.00 $45.00 $360.00

Final Written Report 16.00 $45.00 $720.00

Poster 22.40 $45.00 $1,008.00

Facilities 638.40 $20.00 $12,768.00

Materials N/A N/A $232.00

Total Cost $33,808.00



Bill of Materials

Basic Stamp 2 Parallax BS2-IC 3 $49.00 $147.00 
Basic Stamp 2 
Carrier Board Parallax 27120 1 $20.00 $20.00 

LCD Screen
Scott Edwards 

Electronics BPP-420L 1 $59.00 $59.00 
LCD Mounting 
Kit

Scott Edwards 
Electronics BEZ-420 1 $6.00 $6.00 

Impulse 100 Laser Tech Impulse 100 1 $0.00 $0.00 

TOTAL $232.00 



Requirements Verification

7-1) Entire cost of system prototype shall be less 
than $650

Based on our Bill of Materials we have determined 
that the cost of all components to make the 

prototype will be $232.00 which is less than the 
$650.00 limit for our budget.



Cost Breakdown
Cost Breakdown

Final Oral 
Presentation

1%

Final Written Report 
2%

Poster 3%

Final Report Draft
6%

Test Report
14%

Test Plan
6%

Materials
1%

Facilities
37%

Physical Prototype
30%

Physical Prototype

Test Plan

Test Report

Final Report Draft

Final Oral Presentation

Final Written Report

Poster

Facilities

Materials



Conclusion

• Cost of project is estimated at $232.00

• System design fulfills all design requirements.

• Virtual prototype demonstrates that all components 
of system can be successfully implemented.



Questions


