CSS370S GA1 Final Project

Automated Cruise Speed Control System
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THE OBJECTIVE

Design and implement a
closed-loop automated
cruise speed control
system that senses,
displays, evaluates,
and reacts to real-time
speed data.

THE CORE
CONSTRAINT

No Microcontrollers. No
PLCs. The entire
computational load must
be handled strictly by
analogue sensors,
discrete digital logic
gates, timers, and
hardware comparators.

FUNCTIONAL
REQUIREMENTS

Display current
speed continuously.

Accept and store a
user-selected set
cruise speed.

Trigger visual
indicators based on
precise speed ranges.

Block or reset
invalid state
outputs (e.g., above
max speed).

O000

o

& NotebookLM



The Rules of the Road:
System Logic Map

Flashes via NE555 Timer.

Speed Gauge

Threshold Event (Current >= Set
Speed ): Cruise Reached. Red LED

‘ @ to 5 Range “ 6 to 92 Range “ Speed 10 “ Speed 11+

V
&v ] B0 / 11+
Signal Green Warning Amber Alert Red Grey
Normal Driving. Cruise Approaching. Maximum Speed. Invalid State.
Green LED ON. Amber LED ON. Green/Amber Reset Logic Triggers
forced OFF. (Clear to 00).
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Universal System Architecture Blueprint

Stage 1: Input
(Telemetry)

Stage 2: Processing
(Counting)

Stage 3: Translation
(Decoding)

Stage 4: Evaluation
(Logic & Comparison)

o
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Speed Pulses /
Analogue Voltage
represents vehicle
speed.
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Generates BCD
(Binary Coded
Decimal) numerical
value.

Converts BCD to
7-Segment Display
mapping.

o 7

Stage 5: Output
(Actuation)

»
—»-

Evaluates ranges
(Green/Amber) and
compares Actual vs.
Set Speed.

Triggers coloured
indicators and
NES555 Astable

Flasher.
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The Evolutionary
Engineering Lifecycle

>©

VO7: Final System Integration
(Completed Architecture)

VO6: The Carry/Borrow Transition
(Dual Display Cascade)

VO5: Mastering Reset Logic
(Invalid State Blocking)

VO4: The Analogue Paradigm
(Sensor Integration)

VO2 & VO3: Advancing Digital
Counting (74LS192 & CD4629)

i

VO1: The Baseline Concept
(Single Counter)

One connected journey: Each iteration resolves the hardware limitations of the previous
stage, proving the same cruise-control principles across diverse IC families.
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Stage 1: The Baseline System (V01)

Speed Input/ ___ ggjr?t?eﬁ
Push Buttons 7-Segment Display

741.S85
Comparator }‘— Set Speed Input

|

NE555
Timer
{ LED ]
Indicators

Architecture Widget:

Counter/Display: CD40110 (Single IC handling both
counting and 7-segment driving).

Evaluation: 74LS85 Comparator.

Output: NE555 Flasher.

l CURRENT SPEED SET SPEED @ RED -}

g nc reLion
o

Ll

U—E RANGE) (0-5 RANGE)
GREEN ON: SPEED 0-5

Performance Note:

automated reset systems.

V01 establishes the foundational control logic before
introducing the complexity of dual-displays and
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Stage 2: Advancing the Digital Counters (V02 & V03)
V02: 74LS192 System V03: CD4029 System

CURRENT SPEED HIGH SET SPEED

CRUISE L i L i o

LOW
=

(Range 6-9 )

- Key Feature: Synchronous Up/Down counting

- Key Feature: Presettable Up/Down counter
with 74LS48 display drivers.

(BCD mode) with 74LS47 display drivers.

- Focus: Independent UP/DOWN input pins - Focus: Single clock input with a separate
requiring specific pulse management. UP/DOWN control pin.

Both ICs successfully achieve the required BCD generation, proving the system’s modularity. ]
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Stage 3: The Analogue Paradigm (V0O4)

The Input Shift: Transitioning from discrete digital pulses to continuous
environmental data.

Signal
Analog Sensor : Conditioning TC7107 / ) Speed Display
(LM35) (Filtering & Display Stage (7-Segment)
Amplification)

Component Chain Widget

LM35 Sensor: Signal Conditioning: | TC7107 Driver: Evaluation Note \
Senses temperature to | Filters and amplifies [

Directly converts the

simulate variable the raw analogue analogue input into a Brings the project closer to
vehicle speed. signal. digital 7-segment real-world automotive
display output. telemetry by processing

unrefined continuous data.
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Deep Dive:
The ‘Speed 10’ Logic Trap

The Problem Widget
At speed 10, the ‘ones’ unit digit resets to
9: Bz:.tsic logic interprets ‘ﬂt as falling Input A: Unit digit logic U18: XOR Gate for
within the 0-5 Green Range, incorrectly 2 make Green Off at 10
turning the Green LED ON. ﬂﬁ\ D A DT
E d ﬁ&/ L
B
US5: AND
. D2
g h. 4 LED-GREEN

The Hardware Solution

e T S O R9
Input A: Unit digit logic (would trigger Green). Input B: "Tens” digit signal 3300

Input B: ‘Tens’ digit signal.

Result: The XOR correction actively uses the
presence of the ‘tens’ signal to forcefully
inhibit and kill the green light circuit,
maintaining system integrity without code.
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Stage 4' Mastering Reset Logic rCﬂmPunent: 745192 with active Reset Control.

The Challenge: A standard counter will continue
(VOS) past decimal 10 into invalid outputs (11 or 99). )

11 / 99 00
AIN\Hl\LID STATESI; ' RESET TO 00 y

RN A~

The Hardware Interxcept

=

-
L

[ il S B 0 @ | [ ko e 1 0 © -l [ e © 0 g i
Logic gates monitor the BCD When the specific binary Result: The system
output lines. pattern for '11' (or a instantaneously resets to
designated upper limit) is '00", simulating an automatic
detected, the signal is crulse disengagement upon
routed to the clear/reset pin critical failure.
L = Lof the 74LS192. _| i i
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Stage 5: The Carry/Borrow Chasm (V06)

Architecture: CD4629 Counters cascaded into CD4511 Common-Cathode
Display Drivers.

The Critical Threshold: The exact moment the vehicle accelerates

from 89 to 10.

Tens

Carry / borrow at 09

Ones

il
N

,_
L

0

"

v Carry Out Signal

Hardware Execution Widget

k.

, —>

9

TENS

. ZBEHE

1

m]l

L

e.-

3 | ¢ )L
ONES TENS | ONES

(Before)

(After)

-

The 'Ones’' counter
maxes out at 9.

Upon receiving the next
pulse, it triggers a
triggers a 'Carry Out'
signal.

This signal physically
flows into the 'Clock'’
input of the 'Tens'
counter, incrementing

it from @ to 1, while
the 'Ones’' counter rolls
back to 0.
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The Final Integration (V07)

UP INPUT

X

QA
74LS90
COUNTERS
(Mod-10) QC
QD

Yy |V V¥ ¥

A

RESET / LIMIT
LOGIC
(Handles 11)

7447
DISPLAY
DRIVER

Core Logic Setup

7-SEGMENT
DISPLAYS

1 !
U 3

TENS ONES

74L590 Counters + 7447 Display Drivers.

DIP Switches: Used to physically
program the 4-bit BCD ‘Set Speed’.

The 74LS85 Comparator Balance

h S A Y 4

SET SPEED
DIP SWITCH
(4-BIT BCD)

RANGE LOGIC
(0-5/6-9/104) |

l

LED INDICATORS
@ RED (104)

© AMBER (6-9)
@ GREEN (0-5)

74LS85
4-BIT
COMPARATOR
(AzB)

T

A PA

Equation: RedEnable = (A > B) OR (A = B)

Triggers the ~1Hz NE555 Astable Flasher.

NESS5
FLASHER
(=1 Hz)

Status

Successfully merges three-stage range
indication (Green/Amber), threshold
warnings (Flashing Red), and Limit Logic

(handling attempted 11s).

F
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Hardware Evaluation Matrix

Primary Counter Display Driver Input Paradigm

Crucial Innovation

CD40110 Integrated Push-button Baseline 1-counter proof
VO2 741.5192 741.548 Push-button Synchronous Up/Down
VO3 CD4029 74L.547 Push-button BCD mode selection
Vo4 LM35 (Sensor) TC7107 Analogue Environmental telemetry
VO5 74L.5192 74L.547 Push-button Automated bounds reset
VO6 CD4029 CD4511 Push-button Carry/Borrow cascade handling
Vo7 741.590 7447 DIP Switch Full 4-bit comparison integration
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Project Conclusion: GA1 Evaluation Alignment

Problem Definition (GA1 1 & 2)

"I

Successfully conceptualised a microcontroller-free
environment, bounding the logic strictly to discrete
hardware capabilities.

' Solution Strategy (GAL 3 & 4)

Iteratively deployed 7 distinct circuit architectures,
systematically solving digit spillovers, false-positive
logic (Speed 10 XOR), and analogue signal conversion.

Implementation & Evaluation (GA1l 5 & 6)

Final closed-loop integration successfully displays

telemetry, dictates colour-coded safety ranges, and

triggers hardware-level automated resets, validating
the engineering lifecycle.
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|} SIGNAL GREEN (0-5) | |
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AMBER EE. -g)

RED (10+)
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