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Circuit Protection  

Paul Ramos 
B.S. Photonic Engineering 
Interest: Autocross

Focus: Heads Up Display, 
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Motivation  
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Off-road travel has the potential to be 
challenging, mentally taxing, and dangerous. 

Terrain can be misjudged leading to vehicles 
becoming stuck or damaged.

Though ill advised, many venture off-road 
alone. 

DRIVER

OBSTACLE

SPOTTER
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Solution Vision 
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The objective of this project is to provide information to aid in driver 
decision making when navigating difficult terrain without the use of a 
spotter or leaving the vehicle. 

System will provide live video feed for driver to assist in hazard 
identification and route selection.

System will have auxiliary sensors for vehicle and 
environmental awareness.

Designed as a retrofit to vehicles without existing systems.

Will not interfere with existing factory systems.

Project Prototype 
Jeep Wrangler

72” x  116” Wheel Base

Overall: 126” Long 72” Wide x 80” Height



Constraints and Standards Impact
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Our design decisions for 
potential solutions are 
dictated by the constraints 
we operate under.

Many standards covered aspects 
of our project but required 
purchase.  In a commercial 
setting these could be purchased 
from groups such as the Society 
of Automotive Engineers (SAE), 
International Standards bodies, 
and the Federal Motor Vehicle 
Safety Standards (FMVSS) to be 
used as design resources. 



Solution Actual
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Rear camera
Rear proximity sensors

Passenger side camera,  
160 degree FOV

Driver side camera,  160 
degree FOV

Inside engine bay 
battery, power 
distribution hub, 
circuit protection

Engine bay 
temperature sensor

Wheel well tire 
temperature sensor

In cabin main control, video 
display, heads up display



Requirements and Specifications
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Above: Main Cabin

Above: Engine Bay
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System Power Distribution
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The stock vehicle battery was selected to be used 
to power this project.

1. Charging infrastructure in place
2. Ample capacity for use when vehicle is on or off 

with 600 cold cranking amps, 120 minute 
reserve capacity and a 70 amp hour rating.

3. Less maintenance without a need to charge 
additional batteries.

60” Wide x 22” Long

Vehicle Battery



Circuit Protection and Power Distribution
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Purchase vs. Design
● Time
● Cost
● Efficiency
● Form Factor 



Circuit Protection and Power 
Distribution

14 AWG Wire

Main panel inside 
engine bay 
connection flow 
chart

Selected Fuse Low Voltage 
Cutoff @ 
<12.2 V2.4”

3.5”



Circuit Protection and Power Distribution
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Sample of DC-DC 
converter used to power 
microcontrollers.

Selection Criteria: 
● Adjust for 12-15V input to account for on and off 

states of vehicle battery
● Compact Form Factor
● Output regulated to desired voltage +/- 5% so 

4.75-5.25 V for the 5V case
● USB output for downstream interface 



Sensor Types

● Types of sensors being used :
○ Ultrasonic 

○ Infrared

○ Resistive Temperature Detector  (RTD)



Ultrasonic sensor 

● Sensor being incorporated 3 x MB 1003 . 
○ Cost: $37.95
○ Manufacturer: Maxbotix 
○ Max detection range  of the sensor is  16 feet.
○ Beam width is widest at 9 feet.

● Location: Rear bumper.
○ Spacing is about 24 inch between each sensor .
○ Placement considerations inside or outside bumper?

● Detect objects 3 feet from rear. 
○ Objects ranging from 2’X2’ small end  to human size and larger.

● Data from the sensor  will be received via   3x different  raspberry pi’s



IR Temperature sensor 

● Placement will be in  the tire wheel well  to measure tire temperature.

● Our choice is the MLX90614.
○ Manufacturer: Melexis 

○ Cost:$15.95

○ Temperature range -94F to 716F.

● Information will be gathered via the Raspberry pi 



Resistive  Temperature Detector

● Placement in the Engine bay.

●  Type of temperature sensor  is a Resistive  Temperature Detector (RTD).
○ Resistance changes with temperature so will the voltage.

●  Our choice is the PT- 1000 3-wire. 
○  Manufacturer: Adafruit . 

○ Cost:$ 14.95.

○ Resistance at 0 C 1000 ohm.

○ Length: 1 Meter 

●  Adafruit PT-1000 amplifier Max31865. 
○ Cost:$ 14.95

                     Max31865

                        PT-1000



Microcontroller 

● The development board being used during testing is the  Arduino UNO R3 .
○ Features 12 digital pins and 2 serial TX/RX and 6 ADC pins.
○  The microcontroller on the UNO  is the ATMEGA328P-PU.

● Pins being used.
○ 1-Reset
○ 2-Tx
○ 3-Rx
○ 9&10 - Clock connection 

○ 16-SS 

○ 17-MOSI/OC2

○ 18-MOSI

○ 19-SCK
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                    PCB Schematic 



                         Board Layout  
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                   Eagle PCB  board layout                              Physical PCB 



Compute Hardware Choice

● 4 x Raspberry Pi 4 Model B in a cluster configuration (1 Master Pi, 3 Slave Pis)
○ Each feature a CSI2 (Camera Serial Interface) port we will be taking advantage of

■ Then using CSI to HDMI conversions to extend the length and durability of the camera cable

○ Clustering will allow the network of Pi’s to access other IO

○ The Master Pi will handle the logic and communication with the ATMEGA through serial communication, it 

will also be housed behind our main display

○ The Slave Pis will handle connection to the cameras mounted nearby each Pi

● Sunfounder 7” display
○ Allows for mounting of our Master Pi and connects via HDMI



Bi directional Level Shifter 

● ATMEGA 328P and Raspberry Pi incorporate different voltages for their logic
○ ATMEGA 328P uses 5 V

○ Raspberry Pi 3 Model B uses 3.3 V

● To allow for intercommunication between the 2 we needed a bi-directional level shifter 

that changed the logic voltage between 5 V and 3.3 V 



Software Design

● Simple controls - will make use of 
button controls

● 2 Modes - Street Mode/Off-Road 
Mode

● Most will be programmed in Python 
with C implemented for the Atmega



Camera Hardware 

RPi Camera with attached infrared LEDs

● Camera being used 3 x RPi 4B 
○ Resolution - 1080p
○ IR 850nm
○ Lens- Fisheye Adjustable 2.35 

Aperture F 
○ 160 degree FOV
○ 30$

● Mounting locations on the sides and rear 
of vehicle 
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● Effective in 
catching driver 
attention 

● Convenient
● Cost effective  

Heads Up Display system

View of a HUD from inside an airplane 

from the perspective of a pilot
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● Heads up display systems have 2 
main parts

○ The Optics Display
○ The Combiner

■ Thin film

Heads up Display Parts

Labeled Heads Up Display System
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● 1 OLED DISPLAY ER-OLEDM015-1C-PSI 
○ Resolution - 128x128 rgb color
○ Contrast - 2000:1
○ Pixel size - 0.045mm x 0.194mm
○ Unit Size - 36mm x 44mm
○ Cost - $16

● Mounted in Heads up Display unit for image projection onto windshield 

Display for the HUD unit
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● Optics used to expand the 
image to desired size and 
project image

● Design based off of Keplerian 
beam expander
○ Lens 1 - LB1761
○ Lens 2 - LA1401

Optical Design 

Zemax Design for HUD unit
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       Parts list /cost table 

Total Budget spent $708.87 which is still 
under the $800 budget set!
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       Progress Chart
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Thank you!


