STINGER AV



The Stinger
networks

What coloris the
target of interest?
1. Red 4. Black
2. Blue

3. Green 6. Purple

e




Crowd Control

Intimidation Factor

Audible and Visual Warnings




Began with a robust military inspired design
Pros: Intimidation factor
Strong chassis
Can be deployed in harsh environments
Cons: Too Bulky

Not maneuverable enough

Moved to a two wheeled design
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The probe vehicle will have the ability to autonomously navigate an

environment that is unfamiliar to the operator

The probe vehicle will be able to autonomously seek out different colors
balloons with the use of image processing

Robust to noise and occlusion

> inued development of better/more robust color detection




mall enough to fit inside a typical RC car

ne largest component







Alkaline Batteries
Provides roughly 1.1V nominal, rated at 1.5V
Easily obtainable

Non-rechargeable
Various capacities (AA,AAA,C.D)
Relatively safe




Volume Weight Capacity Voltage (V) Recharge Number Cost

(cubic (g) (mAh) Max/ Capable of (dollars)
inches) Nominal Cycles

Alkaline 0.24 12.00 1150 1.5/1.2 No One 1-4.00

(AAA) time (4pk)
use

Alkaline 0.51 24.00 2122 1.5/1.2 No One 1-4.50

(AA) time (4pk)
use

NiMH 0.51 26.00 1000 1.5/1.2 Yes 1000 7-14

(AA) (4pk)

Lithium 0.61 20.00 1000 4.2/3.7 Yes 300-400 5-10

Polymer (Raw) (ea)

Lithium 0.61 22.68 1000 4.2/3.7 Yes 300-400 5-10

lon (ea)



0O Batteries




Operates off wide range of input voltage
OV protection supports low-cost

unregulated adapters

Programmable fast charge current
through external resistor

Charge speed up to 800mA
ge voltage accuracy

XP MC34673

> MicrochioMCP73831/2 g
< | 2

> | 2
| 2 >
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Manufacturer Part Number # of cells Cost
Mirochip MCP73831/2 Single S0.59
Texas Instruments BQ21040 Single 50.14

NXP MC34673 Single $0.44

BMC FINAL DECISION:

The BQ21040 by Texas Instruments was chosen for our final design.

The IC’s met most all of our needs; however, The BQ21040 was priced well
below its competitors and lead times for shipping made solidified the teams
decision




Purpose

Supply constant/reliable voltage to:
Raspberry Pi
Input voltage: 4.75V - 5.25V
**Recommended 2.5A power supply**

Microcontroller (ATMEGA328P)
ing Voltage: 1.8 - 5.5V




Linear Voltage Regulator

Pro’s:
Simple Design
Low Cost

ons:

>
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Linear Voltage Regulator (PN: ba50dd0t)
Provides 5V/2A

Voltage Regulator (PN: MICC2177-5.0)

Rationale



_ Operating Voltages | # of PWM Channels - # of 1/0 Power Consumption - Active FEIET C(ér;s;t::‘ns\t;%l AT CPU Speed

ATMEGAS-16AU

ATMEGA168-20PU

ATMEGA328P-PU

ATTINY85-20PU

2.7V - 5.5V 3 8@10-bit 23 MH;O%\; 25°C Sy 525:\(: 16 MIPS
1.8V - 5.5V 6 6@10-bit 23 ]MHZ'Q;&\& e 1. 5/5:C 20 MIPS
1.8V - 5.5V 6 6@10-bit 23 ] MHZ'QSJOSH\Q e e 52°c 20 MIPS
2.7V~ 5.5V 2 4@10-bit 6 ‘ MHZ;égu\;; e 2.@/],52“5A°c 20 MIPS
1.8V - 5.5V 2 4@10-bit 6 ‘ MHZéébsu\Q e e 5i°c 10 MIPS
1.8V~ 5.5V 2 4@10-bit 6 Mz ;CSU\Q\ eas 18y 2 10 MIPS

2.0V -5.5V

2.0V -5.5V

2.0V -5.5V

1.8V -3.6V

1.8V -3.6V

1.8V -3.6V

8@10-bit

4@10-bit

12@12-bit

8@10-bit

8@10-bit

80

1MHz, 2.0V, 25°C
550A

1MHz, 2.0V, 25°C
100uA

1MHz, 2.0V, 25°C
S5pA

1MHz, 2.2V, 25°C
400pA

1MHz, 2.2V, 25°C
230pA

1MHz, 2.2V, 25°C
220uA

2.0V, 25°C
50nA

2.0V, 25°C
TnA

2.0V, 25°C
50nA

2.2V, 25°C
0.22uA

2.2V, 25°C
0.1pA

2.2V, 25°C
0.TpA

5 MIPS

5 MIPS

5 MIPS

8 MIPS

16MIPS




Microprocessor must communicate with microcontroller
Latency must be as low as possible

Must be scalable to accommodate additional peripherals

Standard X Type # Signal Wires Data Rate & Scalability Application
Distance Example

UART Asynchronous 20kbps @ 15m Low Diagnostic
(point-to-point) display
SPI Synchronous 4+ 25Mbps @ 0.Tm Medium High speed chip
(chip selects) fo chip link
Izc Synchronous 2 1Mbps @ 0.5m High System sensor

(Identifier) network

SCLE
MOS| SPI

MISO Slave // /

GND —

UART Tx

UART Tx

SPI
Master 551

UART Rx UART Rx

GND

SPI
Slave

N EE NEE Slave

SPI
Slave



Vehicle

External
=)
Status Input e

»
>\

Charge/Discharge 5.0V
Circuit

Battery
Management
Confroller IC

Battery Management System







s U POTIO

1. Raspberry Pi 3 compute

2. Raspberry Pi Pro computer board
3. RoBoard RB-100 SBC
4. RoBoard RB-110 SBC

« Factors considered when selecting the Computing Modules:
1. Dynamic Memory Space
2. GPIO count
3. Maximum output current
4. Cost




Computer

1 GB of
LPDDR2
RAM

Raspberry Pi 3 Computer
Board

Banana Pl Pro Computer 1 GB of
Board DDR3 RAM

$250.00

RoBoard RB-100 Single Board RN Xeii
Computer DDR2 RAM

RoBoard RB-110 Single Board ALY :Xeli
Computer DDR2 RAM
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iImages and the availak
« Design Objective of the software:

1. Find the color of interest
2. Validate the color-based-detection



For the purpose
HSV - (Hue Saturation Value
Hue range - [0 360]
Saturation range - [0 255]
Value range - [0 255]
Limitafions to the range of Hue determines the color of interest
Limitations to the range of Saturation determines the purity of
the color. (Saturation == 255 => Pure color )




\_/

3. Applying morphological processes to the mo
4. Finding the minimum enclosing circle

5. Validating the process mask






For some colo
Saturation

The developed mask based on Saturation range is
logically anded with the Hue mask
Problems with the mask shown:

1. Noise

2. Accuracy

Reflected light can confuse
the robot, this additional
noise needs to be filtered out
with morphological
processing in order for the
robot to correctly track the
correct object.







MINIMUM ENCLOSING CIRCLE

« The Binary mask is used to develop a contour

 The contouris then used to find a minimum
radius circle that encloses the contour

 The center of the circle is the location of the
object in pixels

. MMiMmiaT -l'l_n:l-ullrlq crgle
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VIANy TAlS
No detection if the B
« Afsome instances, the balloon appear

elliptic (not circular)




Ad = AO|ssumed - Amousk
r= Ad/AGssumed
Confidence =1 -r
Confidence >=70 = Circle detected

« The purpose of this calculation is to find the ratio
of the area of the contour with respect to the
enclosing circle

« How do we calculate the area of the contoure?

Count the number of 1s in the mask

VERY GOOD RESULTS!!!



 NoIS€e u

2.

Patent protected by Unive
* Implementation Procedure:
1.

Use a set of save imagery data of balloons to
calculate distinct features (Training set)
Apply the SIFT detector on the current frame to
find interest points

Calculate a feature vector to describe these
interest points (testing set)

Match these interest point with the training
feature vector



Each command ha

that corresponds to the dedicated
PWM channel on Atmega
microcontroller

Raspberry pi detects the balloons
and sends a command to Atmega
The command would activate the
corresponding PWM channel

Direction

Forward

Backward

Left

Right

PWMI1

PWM2

PWM3

PWM4

Binary
Code



CONTROL FLOWCHART

Turm off all the
channels

-ff-Fzls=

Control Signal =5

v

Turm on PWIM 2 E4

Receive the control
signal

Controd Signal

Control Signal 3
e -10

v

Turm on PAWM1 £ 2

Control Signal =6

v

Tum on PWWM 2 B 3

ElE 2 Turm on PYWMI & 4




MOTOR DRIVERS

Lovdo LS F Aijggﬁed V=18V

- Supplied V =4.5-36V - Supplied V =4.5-36V T ma
« Separatfe Input-logic « Separate Input-logic . Clamping Diod

« lout =1.2A « lout =2A . $0.79/driver

« Clamping Diodes « No Clamping Diodes )

$1/driver « $2.95/driver



Component Quantity (Cec::)t Tg;gfl

Raspberry Pi 3 Computer Board $39.95 $39.95

BQ21040 BMS Integrated Circuit $1.34 $6.70

MCU: ATMEGA328P $2.34 $4.68

Buck Converter (3.3 volt) $0.58 $2.90

Buck Converter (5 volt) $5.00 $10.00

Q 3D Prir <
Q Additional copies of the
O Additional screws and

@
Fixed 5V/2A Linear Voltage Regulator $2.25 $4.50

3.7/4.2 2500mah Lithium Polymer Batteries $7.99 $15.98

connectors for mounting the ST pem | e

pO r-I-S RC Sumo Jump Vehicle $29.99 $29.99

o ES.I.I mO.I.ed O d d I.I.IO nOl COS.I. Raspberry Pi accessory kit $20.00 $20.00
.:‘ $ ‘I OO Passives n/a $25.00

Wireless Keyboard/Mouse $30.00 $30.00

HD Monitor $80.00 $80.00

Project max Budget: $1000

460mW/405nm laser $70.00 %70.00

15mW/50mW laser $20.00 $40.00

MOTOR DRIVER: L293D $1 $10

Aluminum Alloy Tank Chassis 87.99

Total Cost $498.39




STINGER AV

Design

AD . tem Sub System
C . Algorithm Sub Sys =l PCB Design
Design Schematic Layout
1] E—
3D Printed Setup Setup Define ! Laser Battery Motor Charge/ MCU/CPU Laser Motor Charge/ MCU/CPU Laser
Enclosure Camera Sensors Functions : Operation Mngmt Drive NS Discharge Comm. Operation Drive Sys Discharge Comm. Operation
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STINGER AV

Prototype

PCB
Received

Final System
Installation

Breadboard

v v

Assemble

- Battery
Rpi Motors lemer Components Sensors
p BMS Laser an Mngmt oinCB
Hook up
Interface power Connect
SEnsors with MCU supply Wires
Check Connect
Voltage 3D Printed
Enclosure
Interface all
Components
Install Rpi
Setup
Network
Test
Outputs
Test
Final COMPLETE
System
Rpi BMS Laser Motors
Not Complete
Make
. Improvements
Charge Discharge

Complete



TASK DUE DATE

Designing the Enclosure 06/16
3D prinfing 06/20
Assembling the parts 06/23

Testing 06/27



