Photo-TANKS

Group 1

Dylan Perkowski - Photonics Engineer
Joshua Walton - Photonics Engineer
Skyler Burns - Electrical Engineer
Joshua Frazer - Computer Engineer


http://drive.google.com/file/d/1ISPLXiuC_ZA--vcQA8VhCW0Kj3z5Ec2R/view

Project Description

® Demonstrated on a remote control tanks with 1st person perspective
® Friendly and enemy targeting indication

® Target acquisition system
O Target recognition and detection



http://drive.google.com/file/d/16ZGFZJl-rlNyVr-oP2_R2ij2ktDbzxBJ/view

Motivation

Friendly Fire: Operation Desert Storm
® 9 M1 Abrams destroyed — 7 caused by friendly fire
e 28 Bradley IFV damaged/destroyed — 20 caused by friendly fire
® Led to development of the Battlefield Combat Identification System
O Project abandoned in 2003

Current target acquisition process is slow and can leave soldiers at risk
We had two questions:

1. What if the US goes to war against a country that also utilizes our military equipment and
technology?

1. How would we be able to differentiate between friendly vehicles and aircraft, and hostile
counterparts if the battlefield is composed of two sides utilizing the same equipment?



http://drive.google.com/file/d/1gEdfGR3EKtKYQShqNSti7zwNarnRmMIY/view

Goals & Objectives

e Rapid target identification
® 360° coverage, autonomous target acquisition
® Maximize ease of use

® Demonstrated on a tank platform, with the hope of integration for
other platforms

® Designed so that any user could understand and operate the system


http://drive.google.com/file/d/1pglUrHZUP5r1HEdAtI_mveJkQV1ezoAA/view

Requirements & Specifications

Tank Specifications Tank Specification
Component(s) rameter Specification Component(s)

Laser Diode
Phototransis

Performance

Laser Diode Safety Standard



http://drive.google.com/file/d/1fO_XEE_ItmdmErcJfP7gXjOSVRcBFHXq/view

Constraints

Economic Partially self-funded, performance vs. cost. And, partially funded for the more
expensive parts.
~3 months to complete; Waiting for parts

Health & Safety

Manufacturing | Availability of usable parts while being within our price range might restrict our
project.



http://drive.google.com/file/d/1dvbgOoez3V5FSH0VN_QW5HY1Sri4JouL/view
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http://drive.google.com/file/d/1kJ_OEYqxEJzBauqRiChdN41YGBWQzEfw/view

Part Consideration; Batteries

® Charmast Power Pack
O Lasts long, great amount

e Alkaline Batteries
of capacity, a good

O Lasts long, cheap

O Would need multiple to reach desired voltages amount of voltage, and a
O Good power solution for various components (ie: tread ok price.
motors or the microcontroller) O Charged the Jetson
Nano
Battery Type Voltage Capacity Cost (8) Lifetime Lifetime
Produced (V) (mAh) (Unused) (Used)

Alkaline, F’nman,. [ : | 2-5 years e |CR-18650K
Duracell - specidized. 2 | AL S O Lasts long, small
Alkaline, imary 2500 ) 2-5 years capacity and slightly
Energizer ; , _ [ 2) ), 2 years

worse voltage than the

Charmast Secondary 10000 21.99 & months 6-30 years INIU.
PowerBank | Cell o Charged the barrel’s

Lithium lon, | Secondary 3T 2600 ~5 (for one) 6 months 6-30 years servo-motor
ICR-18650K Cell



http://drive.google.com/file/d/1uVp18HDP3rt6gWBSKYjTNxNCFUsmQTnL/view

\ Part Consideration: Tank - Treads

® Pre-built treads/chassis
® Acceptable load capacity

e Plenty of mounting points for hull

Tank Treads Price ($) Dimensions Load capacity Nearly
(LxWxH) (kg) All-Terrain?
BO8P49VLPS 79.99 13.38x9.44x4.8 5
inches

BO96DKCCBT 76.99 10.82x7.67x3.54
inches

B096DKCCBT


http://drive.google.com/file/d/1tC0hzILtjEU99LVpzFnhMz_vu5kzRVUe/view

O
\ Part Consideration: Tank Treads Motor

® 25 Geared Motor prebuilt into Tank Tread Assembly
o Cost effective solution considering it was included with Tank Assembly

Price ($) Speed, No Speed, Max Motor Size | Motor Length
Torque (RPM) | Torque ( RPM) (mm)
MG16B-060 $37.03
-AB-00

1271-12-21 25.63 27

36
25 Geared ~100 25 39.5
Motor



http://drive.google.com/file/d/1nZUL_ZTWWLFLMJ26AExTRAgdaryyMKOa/view

Part Consideration: Turret Rotation Motor

Manufactured by Greartisan

Inexpensive

Slow RPM to allow better control for user

Will meet rotation specification of 30°/s

Can handle up to 15 Kg.cm of torque if undervolted to 10RPM

Type Rotation Stall Gear Optimal Rotation
Speed Torque Material | Working | Direction
(No-Load) | (kg.cm) Voltage & Speed
(RPM) Control
24V DC DC 50 4 Steel/Cop 24 4.99
Geared Geared o
12V DC DC Steel/Cop 14.99
Geared Geared per
DF15RSM Servo 19.3 as 18.05
e
BOTKIKP DC 50 Mone 499
DNV Geared



http://drive.google.com/file/d/1ftachhfmroAgn1eHP13DjaHvE_4ZLUIm/view

Part Consideration: Barrel Elevation Servo
Motors

® Fits size requirement to fit inside turret head
® Expensive, great performance, very accurate movement steps

o Will meet barrel elevation adjustment requirement of 30°

Operatin Optimal Pulse Gear Dimensions
g Travel Working | Cycle Material (mm)
Voltage (ms)

2 23x12x23 | 3.49

) 0
+ 90 4.8 2.2 Plastic 202x85%x 6.34
20.2
2.1 + 45 4.8 teel/Copp | 228 x 12.2x | 9.95
er Mix 28.5



http://drive.google.com/file/d/1MqcAtBNdBAoiobMDx1hV3XNWV_EdYfra/view

Part Consideration: Laser Diode

L635P5 Sample Spectrum

1.0

0.8

0.6

0.4

Intensity (a.u.)

® 5 mW laser diode (635 nm)

0.2

. 0.0
® Inexpensive 630 631 632 633 634 635 636 637 638 639 640

Wavelength (nm)
Wavelength Typ./Max Diameter Beam
Current (mm}) Divergence
(mA) (Max) (deg)

HL6320G
HL6322G 535 85/100 g 71.96 i

L635P5
HLG63163DG 533 0o 70/230 3 307.3;


http://drive.google.com/file/d/12KE4Rs7bEF7hQvlLRsTOX4vMZ2OvlzXJ/view

Part Consideration: Lens

e Plano-convex lens

® 9 mm focal length

- Diameter (mm) Focal Length Radius of Curvature (mm) | Cost ($)
(mm)

LA1036
LA1039

e |2 |
.
IR



http://drive.google.com/file/d/1Y3ycm_mB0zPcRkoopyzQLYrx0In0xec8/view

Lens: Zemax Simulation

LA1039 Simulated in Zemax (Imaged) LA1024 Simulated in Zemax
o Total axial length: 10.0105 m e Total axial length: 10.0050 m
® Spot size at stop: ~4 mm ® Spot size at stop: ~ 0.5 mm

o Axial length at focus: 0.511 m o Axial length at focus: 0.227 m


http://drive.google.com/file/d/1JNvBm4XF32MDlmAdl-Tq9SWBqW4dSvWX/view

® Optical sensor must be able to collect our laser diodes
wavelength: 635nm

Will meet requirement of spectral sensitivity > 90 %
Higher Spectral Sensitivity allows for more accurate
identification of various laser intensities

Type Wavelength | Diameter Dark Responsivity Cost ($)
Sensitivity (mm) Current (A/W) (for 1)
Max (nm) (nA)
TEPTS Photo- 800
700 Transistor

Photo- 1100
Diode

FD11A Photo- 1000
Diode

EAALS Photo- 700
TOSRD | Transistor
MAO

- Relative Spectral Sensitivity

S(h),

0.0
300 400 500 600 700 800 900 1000 1100
. - Wavelength (nm)

Fig. 7 - Relative Spectral Sensitivity vs. Wavelength

TEPT5700



http://drive.google.com/file/d/1hIoY9s8BIH4jlTN40jHdt-FB93QM2ag3/view

L aser Diode Evaluation Board

e MLDEVAL
O Thorlabs Laser Diode Driver Evaluation
Board
o Multiple Chip Support
O Compatible with MLD203CLN Constant
Current Driver
o 5V Powered
Supports all Thorlab Laser Diode Pin Codes
O On board Current Control via
Potentiometer

o)



http://drive.google.com/file/d/1bV7axV01XEg2fgnbO2aO9OeUOA8DizSo/view

Constant Current Laser Diode Driver

e MLD203CLN

O Thorlabs Low Noise Constant Current Laser
Driver

O Provides a constant current to the laser
diode at a given voltage

O Generally paired with a filtered voltage
source and a potentiometer to control
output

O Has built in soft-start and brownout
protection to prevent the laser diode from
current spikes, hence burning out the laser
diode.



http://drive.google.com/file/d/1V5RM9gjjBDhnKa5KKJJvR3apOMEZPVTG/view

e Intel 8265NGW (Jetson Nano)

0)

O O OO

o)

Jetson Nano Community recommended
Transceiver

Bluetooth 4.2 and Wifi Capabilities

M.2 connection: PCle, USB and UART
Antenna Connections for extended range
Extended guides on setup and functionality
with Jetson Nano

22mm x 30mm x 2.4mm, 12mm x 16mm x
1.8mm

2.6 Grams

Part Consideration: Bluetooth Modules

e HilLetGo HC-05 (MSP-EXP430FR6989)

o

O O0OO0OO0OO

Inexpensive Module ($8.59)

Proven compatibility with MSP430
Multiple setup guides using MSP430
37.3mm x 15.5mm

Small current draw (10mA)

3.5 Grams


http://drive.google.com/file/d/1JaChj4Zrgf62SYQnZbRCpOmDHpV2CsjU/view

Part Consideration: Micro Controller Units

p——— mesemmpeerann @ Jetson Nano Developer Kit
Developer Kit Dev Board Squared Al

Vision X O Carried the best GPU for the operations we were wanting to

Developer

Kit implement

Raspberry Pi4
---- o Although, it carried a good variety of RAM options and

Released March 2019 zms slightly better CPU clock speeds, it fell short due to the GPU

Processor ARM BCM2711 chip | Cortex A-53 Atom power.
Cortex-A57 with ARM B4-bit @ 1.5 GHz | X7-E3950 @
BN @142 | Cotex-AT2 64 1.6 GHz Google Coral Dev Board
@1.5 GHz . ;
Memory LPDDR4 LPDDR4 SDRAM | LPDDR4 SDRAM | LPDDR4 O Since the Only optlons were the
SDRAM SDRAM 1GB and 4GB, we would have been
8B’
would cost us more for something
Wifi/Bluetooth Capabilities Included Capabilities Capabilities
--- "
Wil Mngaheridil el OBl @ |ntel Up Squared Al Vision X Developer Ki
ethemets, 5 ethemet elhernel. micro ethemets
Usss o0 Too powerful for what we needed.

128-core Viante GC7000 The cost was also too great.
Maxwell VideoCore VI lite Graphics 505



http://drive.google.com/file/d/1MWbgnrh7L9nupBNltkPwPXEKuM6BvSTy/view

Part Consideration: Micro Controller Units
MSP430 Overall

o MSP-EXP430FR6989 Pz
0 Cheap cost i % A o e
O Previous experience with board B -
O MSP platform is an industry standard in
academic environments
O Tons of sample projects and tutorials
available from community and manufacturer

g



http://drive.google.com/file/d/1u8H2Ck4wJ4Gtc7C4aYpNtYlckiuFK5Q0/view

Part Consideration: Micro Controller Units
MSP430 Technical Aspects

o MSP-EXP430FR6989
O 18 GPIO pins for multi-peripheral support (83 %mﬂmf&
total GPIO) S 1 :. "
o0 5 PWM pins provides support for multiple o4 it
motors without needing aftermarket boards

O Builtin 16 channel 12-bit ADC
O Low power operation modes for longer run

times

Sttt
- . i o



http://drive.google.com/file/d/1n3ZcaCyNLP5sbvpU0NO-9cmSYv2eMU7J/view

Qunqgi L298N H-Bridge Motor Driver
Controller

® L|289N Motor Driver Controller
O Cheap Cost
Control DC Voltage for two motors
Small Form Factor
Allows up to 12V to each motor
Control signal allows for switching polarity
Compatible with any MCU with digital pins

O O0OO0OO0OO



http://drive.google.com/file/d/1NQUXjHX4ahCDZDRtW6vWMjL6FiUKB2nk/view

Part Consideration: Barrel Camera

Arducam NolR Raspberry Pi IMX219-77 8BMP
IMX219-AF Camera Module 2 | Camera with 77°
Programmable/Auto FOV - Compatible
Focus IR Sensitive with NVIDIA Jetson
Camera Module for Nano/ Xavier NX|
Nvidia Jetson Nano

Photosensitive Chip | Sony IMX219 Sony IMX219 Sony IMX219

3280 x 2464 pixels 280 x 2464 pixels | 3280 x 2464 pixels

Vertical FOV 51 degrees 438 degrees

Frame Rate 3( SMP, 1080p30, 720p60
) and 6
480p60/90

High resolution (3280 x 2464)
Acceptable FOV

Acceptable Frame Rate
Inexpensive

Plug and Play with Jetson



http://drive.google.com/file/d/11s_QiHTixyjGZbDkjutrLcUT4aj48sjm/view

Am cro0!

Software Design: Processes

e Basic movement (Left track, right track, turret base, and turret barrel)
O Activate left motor and right motor for tracks.
O Activate movement for turret base and barrel
e Keep functionality for inputs (All Cameras, Phototransistors, Controller)
O Receive feed from camera
o Poll for phototransistor changes
e Outputs process like they should (Controller, Camera feed , Laser)
O Process the live feed from camera to the controller to display to user via gstreamer
Internal processes (Movement, PIN |/O’s, Triggers, Transceivers, Al Video Processing)


http://drive.google.com/file/d/1_YBNV-3vclwicS-8i1I49vYVy6faZ2yB/view

Software Design: Jetson Nano 2GB
Developer Kit Responsibility

® Process all Al functionality
® Receives all the camera feed to process for the remote to see bounding boxes and
identification of what is being seen
O Sent over stream through local network
® Responsible to send finished processed video to stream with gstreamer


http://drive.google.com/file/d/1ZBaiZRwCOdo3oGTM7VxtD-vU1eEE3UYF/view

Software Design: Types of Al Video

Processing
o Object Detection e Image Recognition
0 Uses bounding boxes due to O Less specific object detection.
identify each individual object Just classifies without bounding
whether or not they are in the boxes.

same class.



http://drive.google.com/file/d/1AlGzoCGl-3_0XYY0oOuskMRPTIuEzJjb/view

Software Design: Software Flowchart

Turret Controller(Turret) Controller(Tank) Tank

Search for stream through VLC
plugin

Display stream of camera feed
received from Jetson Nano over
local network

Search for available Bluetooth
devices

Successful
Connection

Suceessful
Connection

s Standyfo user
Joystick) Input (Left Joystick)

Increase degree
of turret barrel

degree of turret &3



http://drive.google.com/file/d/1KLgUetUxZ4LlQ_4XEDEZwiBPR-nrhIjc/view

Software Design: What is being processed?

e Viewing certain objects with bounding boxes
O Household objects
m Ex:Keyboard, TV, Monitor

o Vehicle
m Ex: Trucks, Car, Airplane
O Table
m Ex:Desk
o Chair
m Ex: Office Chair
O Person

m Ex:People


http://drive.google.com/file/d/1y8zstuPPPbBOjTArkudMUAYZoe3xB86a/view

O

\ Software Design: Convolutional Networks

[ '/{AM GROO!

Considerations



http://drive.google.com/file/d/1EKiRTdo7uuH-VcRrAxkWBhsYiHsF2PbN/view

Software Design: Convolutional Networks
Considerations

§AM GROO!

1AM GRG0’

e MobileNet*
O Separable convolution
O Size and time to calculate is kept small
® ResNet
O Great and accurate for larger projects
O Slower than other CNNs
e TinyYOLO V3 (TinyYouOnlyLookOnce V3)
O Uses an extractor, called Darknet
O Works very quickly for smaller projects with the cost of accuracy
® Single Shot Detector
O Similar to TinyYOLO but a bit more accurate
O Can be matched with other CNNs to increase performance


http://drive.google.com/file/d/1K1lRT5BYX6WTZSihSTfWitgtwpCJFCyC/view

Software Design: MSP430 Responsibility

1AM GROO!

~1AM GROST

e Carries most features that doesn’t entail any Al functionality
e Tank Movement
O Tracks, turret, and barrel
e Phototransistors
o ADC convertor receives laser input to determine high beams on phototransistors
e Certain triggers
O When to send the bluetooth data to certain pins
O When and how servos should operate
® Bluetooth Transceivers
O Way to send data to the tank from the controller


http://drive.google.com/file/d/1KW1FtFlOFDRdUrx1g9l16yNziUqhEkbW/view

Overall Schematic
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http://drive.google.com/file/d/1-fa_9E_0zl37JuIK9qW1TqsgN2967ACK/view
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http://drive.google.com/file/d/1G4Kw-zMnvon9Bgr0RSGjT8bTpn3vCWyF/view

Circuit Design

TEPT5700 Light Detection Circuits

Circuit:

e 4 Phototransistor per side

e Pull-Down resistors

e ADC perside

e FEach Phototransistor set has own pin

A
TCEFE]ES?OO

7&?T5700

PIN8.4{ADC)



http://drive.google.com/file/d/1ZqzMBRpm20K35eGUE_zEUplzZ-HHDqwg/view

Motor Power Circuit Considerations

e MG90D Servo Motor
O Operational Voltage: 4.8V - 6V, Recommended Operational Voltage: 4.8V
o Considering 4 1.5V AA Batteries in series with Buck-Boost Converter for a consistent 4.8V at
2A max current
e Tank Tread 25 Geared Motor:
o 7.2V recommended operation
e Greartisan 12V 50RPM Geared DC Motor
O 12 Volt operation
O Can be undervolted to slow down RPM
O Reverse polarity Capable


http://drive.google.com/file/d/1dBbtCT0wEm0wQpcode5pJA47NiHOlV_S/view

Voltage Conversion Circuits

e Designed using LTpowerCAD Il V2.7.2

T £ N "
Nl : = ok N o LA
s § il % - = A
1 _le — —
e T2 7" ’I\ %T ’I\ T
T | L ] St %
v ]
Lok T T ?*
Toee = v
L ~
® "o & :
& & E


http://drive.google.com/file/d/1GsoHkx7ciYmKruT_DxCB2hlAvgPZwxe-/view

Microcontroller Power

o Jetson Nano 2GB:
o Reauires 5 through USE-C, 34 T R
Recommended current ——

O Charmast Battery Pack at 5V, 3A, Dual
USB-A to USB-C Ports

e MSP-EXPFR6989:
O Requires 5V through Micro-USB at 1A max
current

o000 ma oW | k10K mar

356 inx 244 in x 0.87 in



http://drive.google.com/file/d/1QC24psefT_2D3jG37DuK3N1MjSymgodQ/view

Motor Circuit Design

Motor Drivers

® Resistors Protects Main Board From Damage

® Transistor can provide 15A on motor startup and
5A continuously on normal operation

e Diode prevents back current from damaging
motor



http://drive.google.com/file/d/1iKoxpO2RtpzKnCd9DK73mvi-uEnKRXt9/view

MLD203CLN Laser Diode Driver Circuitry

e Standard Configuration:

o
0)

o

Constant Power Solution

Rs optional resistor to limit laser diode
current

Potentiometer to set Current

Cin optional capacitor for reduction of
power supply ripple

NC

NC

NC

GND2 Lbc

VREFOUT ISENS+

] ISET/ ImoD ISENS -

I NC

MLDO203CLN Typical External Circuit



http://drive.google.com/file/d/1yi5jr5V3gknw6ZGOU5HcS2-3e9hTOjFj/view

HC-05 Bluetooth Module

HC-05 Manufacturers Circuit Diagram HC-05 Pin to MSP PINOUT
BTI 1
. Slas
e l—o 0—O 3.3 6
’ R1 5
Rg > PIOI1 —— [rwl» 4
- RX PIO10 < = 3
% CTs PIO9 STATE Ry 2K A2 2
> RTS PIOS I 1
>~ PCMCLK PIO7 X REDLED
>~ PCM OUT PIO6 X
>~ PCMIN PIOS i o
>~ PCM SYNC PIO4 =X i
- AIO0 PIO3 o
>~ AIOI PIO2 X VCCO H - - Vin  VOUT
> RST PIO1 = Réu_l_m
33V 3.3V PIO0 < e lu=T ;.— GND
.||f2: GnD jpeveguat} 201 T 10—
B i a s - - CE NC
o D S e E} — B
G S 33VLDO

X1 NC

for HCOS or compatible module


http://drive.google.com/file/d/11E_KgUsr-UKWc0R1-z8t6vTSdmG5QD37/view

4

Turret Motor

Barrel Motor

Motor Driver Controller

Charmast Power Pack

ICR-18650K

Alkaline-Batteries

Barrel Cameras

PCB

Bluetooth transceiver

Jetson Nano 2GB

Total Cost

Financials

a

(*) These items
were bought in
sets

For one tank,
the total will
be $762.76

Tank Treads -

1

Constant Current
Driver for Laser
Diode

Evaluation Board
for Laser Diode

Phototransistors

Total Cost -



http://drive.google.com/file/d/13eWsuueaBHGx_vtSoDvS9Hq-Tc2SPslu/view

Questions?
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