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Motivation and Background

Help automate the PCB fabrication process
Alternative to hand solder/laying out paste
Saves time for students

Uses the shell of an old Ender 3
Stereolithography for quality control
Sponsored by Dr. Weeks




Goals and Objectives

Basic Goals:

- Create a solder paste dispenser utilizing the Creality Ender 3

- Implement a schematic/Gerber file upload system

- Determine user’s PCB placement

- Dispense proper amount of solder based on required SMD size

- Achieve SMD package size of 0603 (imperial)/1608(metric)

- Design optical inspection system for stereo vision and magnification
- Program Touchscreen display

.
Advanced Goals:
- Achieve SMD package sizes 0402(imperial)/1005(metric)
- Optimize dispensing time on the max supported PCB size
- Develop image processing software that exports a metric 3D reconstruction of PCB to measure heights.

Stretch Goals:

- Achieve SMD package sizes 0201(imperial)/0603(metric) or less

- Implement a pick-and-place system

- Determine origin point of more uniquely shaped PCBs

- Establish Wi-Fi/Bluetooth modules for schematic upload option and 3D model exports




Goals and Objectives

Objectives to achieve Basic Goals:

- Design custom main PCB, stepper motor driver PCB, power regulator PCB

- Implement schematic file upload system using external USB port and/or SD card reader
- Locate user’s PCB placement using L-bracket and stereoscopy system

- Dispense solder paste at SMD package size 0603(imperial) / 1608(metric) (test)

- Display all information on touchscreen display

Objectives to achieve Advanced Goals:

- Dispense solder paste at SMD package size 0402(imperial) / 1005(metric) (test)

- Test/optimize dispensing time for prototype PCBs within our maximum supported size
- Generate/export 3D reconstruction of dispensed solder dots using OpenCV

Objectives to achieve Stretch Goals:

- Dispense solder paste at SMD package size 0201 (imperial) / 0603(metric) or less
- Implement pick and place system utilizing pneumatic pump

- Expand stereoscopy system to determine origin points of differently shaped PCBs
- Implement Wi-Fi module/Bluetooth support for schematic upload




Table of Engineering Specifications

Board Handling

87x8”7/(203.2mm x203.2mm)

1”x 17/ (25.4mm x 25.4mm)

Board Securing Method

Rubber mat

Touchscreen

Touchscreen Reactiveness

Registers 95% of light touches

Facilities

Power Requirements

120VAC

*adcdald ai @I O Niji § i 26

45cm x45cm x50 cm
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Table of Engineering Specifications

Print Parameters

*aid 0f -o640 &ha Niii §6 200 mm x 200 mm
Solder Dispensing Resolution 0.2 mm
Minimum Surface Mount Size Supported 0603 (imperial)
1608 (metric)
| $047 640 %44 * AUAT 4716/ 4o6niuddi Nii § i 0.1 mm I
20

Motor Precision (Percent Error) 5% Margin of Error




Table of Engineering Specifications

Optical System

Image Area

5mm x5 mm (7.07 mm diagonal length)

Effective _Magnification (Optical x Digital)

>18x

Minimum Surface Mount Size for Imaging

0603 (imperial)
1608 (metric)

Stereoscopic Height Resolution 10 ym
Minimum Depth of Field 1 mm
Minimum Resolution 25 uym
Length <300 mm
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System Overview

Light Panel

Stepper Motors

Lens Aperture and
Solder Tube Holder

Compressor/Pneumatic
Pump System

- L-bracket for origin
point location

Dispensing Bed

Machine Dimensions: 45cm x 45cm x 50 cm (L x w x h)



Member Assignments: Status:
a r ‘N/ a r e Mikell Alfonso * Acquired (A)
Nathan Boucher « Researching (R)
Elizar Tsymlyakov < Designing (D)
Edward Weir « Prototyping (P)

Block Diagram o™ G
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Hardware Selection: MicroController Selection

ESP32-WROOM-MD MSP430F6459 RP2530B

Cores 2 1 2
CPU Frequency 80MHz-240MHz 20MHz 150MHz
Wi-Fi Support Yes No No
(Natively) -
Bluetooth Support Yes No No
(Natively)
RAM 448kb ROM, 520 kb of SRAM 512kb non-Volatile, 66kb 520kb of SRAM
RAM
Supports External Yes No Yes
Memory
GPIO Pins 38 74 48

ESP32 was selected because... P N



Hardware Selection: Touch Screen

ST7789 ST7735R | HX8357 | 1LI9488 | 1LI9341
Interface SPI SPI SPI SPI SPI
Pixel . 240 x 320 128 x 160 320 x 480 320 x 480 240 x 320
Resolution
(pixels x
pixels)
Color De pth 18 18 18 16 16
(bits)
Screen Size 2 1.8 35 35 3.2
(inches)
microSD Yes Yes Yes No No
Card Reader
SD Card No No No Yes Yes
Reader

e |LI9341 chosen for mainly for comm protocol of SPI, decent color depth, and just
right size of 3.2 inches




Hardware Selection: Dispensing Methods

Pneumatic Dispenser:

Stepper Motor Driven
Screw Dispenser:

Precision High High
Speed Fast Moderate
Calibration needed Minimal Maximul
Cost Moderate Moderate




Hardware Selection: Stepper Motor

Drivers

A4988 DRV8825 TMC2225
MicroStepping 1/16 1/32 1/256
Resolution
GPIO Pins Required 2 2 2
(Minimum (Step +Dir) (Step +Dir) (Step +Dir)
Configuration)
Voltage Input (VMOT) | 8V-35V 8.2V-45V 4.75V-36V
Logic Voltage Level 3V-5.5V 2.2V-5.25V 3.3V-5V
(High)
Max Current (Per Coil) | 2A 2.2A 2A
Price Per Unit (PerIC | $4.25 $5.73 $5.61

not the board itself)



Hardware Selection: CMOS Sensor

Arducam OV2640

Arducam IMX 230

Arducam OV5642

Price

$10-$15

$80-$90

$40

Sensor size (pixels)

1600 x 1200 (2 MP)

5472 x 3648 (21 MP)

2592x1944 (5 MP)

Pixel Size

1.75 um x 1.75 ym

1.12 ym (w) x 1.12 ym
(h)

1.4 um x 1.4 ym

Sensor size (mm)

4.6 mm x 3.4 mm

7.216 mm X 5.497 mm

3.67 mm x2.73 mm

Diagonal Length 4.5 mm 7.487 mm 4.57 mm
Dynamic Range 50 dB “High” 68 dB
SNR 40 dB “High” 36 dB
Power Supply 2.5~3.0V 3.3vDC 5V/390mA
Interface CSt2 CSi2 SPI




Hardware Selection: Lens

Thorlabs Thorlabs TRH-040-A-ML Thorlabs TRS
LB1378-ML 040-A-ML

Price $52.28 $111.38 $117.31

Working Distance 40 mm 68.2 mm 68.2 mm

Focal Length 40 mm 40 mm 40 mm

Diameter 12.7 mm 254 mm 254 mm

Type Singlet Hastings Triplet Steinheil Triplet




Hardware SubSystem: Raspberry P1(4)

Hosts the Web Server (including local MongoDB)

Utilizes the two cameras to take pictures

Runs the python Code for the stereoscopy system

Ul for users to upload Gerber Files, as well as download their
images

e Communicates with the ESP-32 in order to POST Gerber-Files, as
well as receive a request to take a picture




Power Distribution Table
ESP32 ILI934 | CP2102 | OV5642 | OV5642 | DRV882 | DRV882 | DRV882 | Total
1 A B 5X 5Y 57
Expected 3.3V 3.3V 3.3V 5V 5V 24V 24V 24V 24V
Supply
Voltage
Expected <300mA | <50mA | 26mA 390mA | 390mA | 2.5A 2.5A 2.5A 8.656A
Supply
Current
Expected 0.99W 0.165 0.0858 1.95W 1.95W 60W 60W 60W 185.14W
Power \%% \%%
Consumptio
n

*Raspberry Pi 4 powered externally due to Wi-Fi Connectivity




Hardware Selection: Power Supply Unit

CMS350-24 LRS-350-24 S35024 UHP-350-24 PMT-24V350W1AK | WMA350H-24 233-6892
Manufacturer Creality Mean Well Mean Well Mean Well Delta Cosel RSPRO
Output 24V, 14 6A 24V, 14 .6A 24V, 14 6A 24V, 14 6A 24V, 14 6A 24V, 14 6A 24V, 14 .6A
Efficiency NA 88% 81% 94 % 87% 87% 93%
MTBF NA 328.6K  hrs | 234.3Khrs (25°C) | 285Khrs (25°C) 700K hrs (35°C) NA >300Khrs (25°C)

(25°C)

Protections SC, 0V, OL, OT OL, OV, OT OL, OV OL, OV, OT OV, OL, OT, SC 0oC, OV oV, OC, SC
Dimensions (mm) | 215x115x30 215x115x30 215x115x50 220x62x31 215x115x50 115x30x215 130x86x35
Cost $31.67 (Creality) | $38.11 Obsolete $69.31 (MeanWell) | $74.98 (DigiKey) $75.88 (DigiKey) | $133.84 (eezee)

(DigiKey)




Hardware Design: ESP32-WROOM-32D

ESP32-Wroom-32D Pinout il;i;‘i‘:.f?:f:iiifé“

e PR e Flashing VIA a CP2102 USB -> UART
Loy T g . Circuit

[ el tmvson e e Main Driver of the SPD

e e Builtin PCB Antenna for 2.4GHz

EN 3[EN

e Powered by 3.3V from the Regulator
Circuit
e Responsible for Controlling:
o Stepper Motor Drivers

=22 ne

ry
The MNode THD and

. XD 34

g T

RHD are labled relative ) 35> R¥DO

to the USB->UART IC ] TXDO

("GPIO pins for 8D
card Inzertion and

~.“:—0D CLK .

& 5 m Step + Dir
1 - . . .
= m Microstepping Resolution

ESP32-WROOM-3I1D

Mechanical Switches
TouchScreen

MicroSD Card

SSR hooked up to the Pneumatic
Device

e Interfaces VIA Wi-Fito the Web Server

'GPIO36 (SENSOR VF) = Input Only
GPIO39 (SENSOR VN) = Input Only

GPIO34 = Input Only
GPIO35 = Input Onky

O O O O




Hardware Design: SPIInterface
HSPI Interfac \w |

=
D4, D3, D§ might be too
small. checlk for larger

c

EMizo
’_"""—” | GND

10k

%—k{% package sizes
g L I mEnE Three Slaves:
i s o MicroSD Card
Re SRR T [sn E— o  TouchScreen Display
15 DC 0 tection 1;2;55
eercie 519 o  TouchScreen Touch
VDD3.3V 1s SD_Enter L .
B T erE 510 - Header pins to connect to the
o RSD_P
__Eiiter 10 <B touch screen
o I e 1 é “ Pull-up resistors and bypass
§ 1 =) capacitors for the MicroSD Card
ool @] @ el o1 Utilizing Chip Detect on the SD
3 a 4 . oy o
i VoD Card to determine when it is
:;: DaTO cp |SBLEDL removed, re-initializes the SD card
0 5 MPL | . oy - .
Forz cs_speae cs spewd P TR Shmrn 2|lED every time it is plugged back in
comnectzd to SHELD 23 1|, GiD . .
ESP32 ) seELD P4 6D 0 Ohm resistors for potential
10K3 10K 10K 10K RES Iem . .
TEIA impedance matching
[VDD3.3V — || \GND
10uF(10V)
1 2C4 ||'G.\'D

100mF(50V)




Hardware Design: Dispensing System

FEITA FEITA e Feita 983
e Solid-State Relay
(SSR) controlled by
. GPIO pin
e Shortspins 1and?2
on the 3.5mm
headphone jack to -
dispense
e Continuously
dispenses while
3.5mm jack is
7/ shorted
3.5mm ] -
Headphone Jack Pneumatic Device Controls
| S §_1AD
, 2 i
3—ﬁ_4 SJ-3523-S!
GPIO DispenseTogglin; 8 . f:]“

G6K-2F-Y-TR-DC.

o




Hardware Design: Stepper Motors

Three NEMA 17 Motors

o  X-Axis
o Y-Axis
o Z-Axis

Creality 42-34s

Powered and controlled by the
custom DRV8825

1.5Amps Per Phase

1.8* step resolution

2 GPIO pins required per AXIS
External header-pins to wire the
motors.

Utilizing 1/32nd Microstepping

r_;: 4ojol Jaddarg™ A

¥ ooy seddergs=z

Jig
®




Hardware Design: Mechanical Switches

Creality Mechanical Switches
Three Axis:
o X-Axis
o Y-Axis
o Z-Axis
Initial Calibration Required
Pull-up Resistors
Logic-Low
Connected with a set of Header Pins
3D printed holder for Z-limit Switch

Limit Switch External Connections

J8

2 Switch

1——|||-GND

<Rl

10K

X_LimitSwitch W

2 Switch

1 ||'GND

Y

Y_LimitSwitch

VDD3.3V

SRI2
F10K
VDD3.3V

J10

-I—L—HI-GND

2 | 2 Switch Z

|

gRI13
Z_LimitSwitch 10K

1 VDD3.3V




CMOS Sensor

Print Bed

: Optical Stereo System

24V-5V Voltage Regulator

J

\

‘ Raspberry Pi ‘
A A

' . N\ ( I 1 h

Omnivision Omnivision
OV5642 Sensor OV5642 Sensor
Thorlabs Hastings Thorlabs Hastings

Cemented Triplet Lens Cemented Triplet Lens

Optical Housing 1 J Optical Housing 2 Y,




Hardware Design: Optical Stereo System

i e LY ] % | @ 2 image Simulation - -0 x
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Hardware Design: Optical Stereo System

Optical Magnification

sensor diameter 457 mm 2! 62.1 mm
Moptical = = = 0.646 Mgpticag = 2 = 37 mm = (0.646

image diameter  7.07mm

Total Magnification

feature length inimage 125mm _

M = =
Total ™ foature length in object 5 mm

System Length
621mm+87mm + 22mm = 171.1 mm

Numerical Aperture

D Imm

NA = =
2Xf 2x40mm

= 0.0375

Minimum Achievable Resolution

0.61x 4 0.61x750X 107 m

Resolution = =122
esolution NA 0.037¢5 {m
Depth of Field
2xz'2x£xc 2x872x%—0x0.01
DoF = = = 1262 mm

f2 - 402




Hardware Design: Optical Stereo System

Engineering Chosen Calculated Specification Comparison
Requirement Specification
Optical Configuration <300 mm 171.1 mm Achieved
Length

Numerical Aperture >0.0183 0.0375 Achieved
Minimum Feature Size 25 um 12.2 ym Achieved
Total Magnification >18x 25x Achieved
Dynamic Range >40 dB 63.3dB Achieved
Depth of Field >1.0 mm 1.26 mm Achieved




Hardware Design: Optical Stereo System

?ﬁfming e Increasing baseline (B), increases camera
Lens B/2 angle. This increases the difficulty of
B U matching pixels for stereo.
h =
\\ e Optimalcamera angle (8) 60°-80° (1)
. _,B/2 . : :
0 =90 — sin > e Minimum baseline possible depends on the
z " width of the dispensing tube.
e [fz’=87 mm and we want the optimal
camera angle, the baseline length must be
be 30 - 87 mm.
Baseplate

(1) X Liu, W. Chen, H. Madhusudanan, L. Du and Y. Sun, "Camera Orientation Optimization in Stereo Vision
Systems for Low Measurement Error," in [IEEE/ASME Transactions on Mechatronics, vol. 26, no. 2, pp. 1178-
1182, April2021,doi: 10.1109/TMECH.2020.3019305.




Hardware Design: Motor Driver Schematic
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Hardware Design: Power Regulator Schematic
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Maln Diference between 3.3V and 33V 26V-07VX 5V buck convertr designs  on the
5V buck converter desigas s an the 33V.22V-LIVO Inductor and output capacitors
Tnductor and output capicitors 0.7V 20mA-35R X
11V 20mA - 55R O - — -
sz
™ DSt - ;A
[ R(S0R) - - - =
. L 2 oo . PIHLOLUA PIILOLUA PHI0LUA P RGN
7 ] = B A B
PIEIOLUA PHIOLUA PHIOLUA HSMC-Ci70 CROWOSOSSORGFKTA "
Tosting Custom
Part Creaton (NA'
BC33V r
o ROGAV) 12 RO(5Y)
, 0. (CHI) 1 Ly 2 ! 2 Vows(Cliyp, . iz Sy M(CH2) =) ' 2 VoutalCHD) (vt chi
Vine(CHI) VN our Vouts (CHI) Connections(3C] Connections|38] Vine (CH2) \out. (CH2) Connections1C]
w R g oA ‘ {01 v A vy
D CRCWOB0S0000ZOEAHP CROWOS00000Z0FAIP
o om D B M com & com N e
e | DEcssancs D1 IR S300F TR8%0uF S0
z 00mVSA g ] 7 ar
000V SA
@ Connections{3B] Vin-(CH1) SN 4 o o clle Connectionsi3B]  Vin.(CH2) SpEND__4 c
2 : Vout-(Ci1) Connectionsf3C]
GRD oD GND. Vout (CH2) 1
“IAB is physical connection @ “TAR is physical o
PCB. Maybe like  grounding connection 1o PCE. Maybe
plane o heatsink like a grounding plane or
“Tile Automatic Solder Pase Dispenser for Proioype Prnted Circult Boards “Tile Automatic Sokder Pasc Dispenser for Prototype Prinied Circut Boards
33V Power Regulator Board (V1) 5V Power Regulator Board (V1
b Group 4: Mikell Alfonso, Nathan Boucher, Elzar Tsymlyakov. Edward Weir N Group 4: Mikell Alfonso, Nathan Boucher, Elzar Tsymlyakov. Edward Weir
Sia Numbee Revisic L Stze Number Revision D
A m vi
Date 1172008 Sheet of T Sheet_of
File: i Main-3 3V(LMZ596) SchiDocDrawn By: ~ Mikell Alfomso File:  DAAlium Opiical-8V (LMZ596).SchDocDrawn By: ~ Mikel Alfonso
f 2 3 i B [ 1 i 3 s 5 6
nput
Main-3. 3\«‘(LM25%)EIE|\‘inr[t'J!llg R —
B Main-3.3V(LM2596)[2C] Vin-(CHI) 2pE0 B
Opeical-SV(LM2596) 28] Vin(CH2) S 12 PG,
Optical-5V (LM2596)[2C] Vin-(CH2) pp== L
TI0S11121 -
oD PHLOL-UA
utput o oD
D
Main-33VILMZSOR5C]  Vour-(CHI)
= Vout ETT)
Main 3.3VLMZS9DISB] Vouts (CH1) Sl - s
Optical- 5V (LM2S96)ISC]  Vour-(CH2) Yot —_
& Optcal-5V(LM2596) B] Vouts (CH2) e c
00511121
Tile  Automatic Solder Pasie Dispenser for Prototype Prnied Circut Boards.
Cannectians Power Regulator Board (V1)
Group 4: Mikell Alfonso, Nathan Boucher, Elizar Tsymiyakov, Edward Weie
L) Size Revision P
vi
V1172025 Sheet of
) DAl Connections SchDoe Drawn By:  Mikell Alfonso
1 2 3 4 5 6




Hardware Design: Main Board Schematic

ESP32-Wroom-32D Pinout

e g

P — Micro USB to UART schematic interface

HSPI Interface e s g
. o ey
[y 1 15 3o
:.;"::”"1’:\

it |

das o
mak
i o= P 2
e o = Lo lule
R f
Power Regulator 5V to 3.3V e
 — 24V PSU Connector Header

Internal Stepper Motor Drivers Connections (DRV8825)

P ——————

T ———
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Y3

Frnssnss 5 e
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Limit Switch External Connections
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Hardware Design: Motor Driver PCB

GZ0Z-0E-1 1°W SZ88nHa 4 dnoug
83ddadsy - osuoiiy TI=ATW

Two Layers (Signals)

GND Copper Pour (0.468 in2 Top Layer and 0.546 in?
Bottom Layer) :
Matched pin layout and distance between header pins of . ' - -
DRV8825 modules purchasable online B ' j

Three duplicates of these will be used

# Name Material ype Weight Thickness
Top Overlay
Top Solder sist 5 < 0.4mil

Top Layer Sig 1. 4mil

} s
= 2
p cé
g

“M

Dielectric 1 -4 12.6mil

Bottom Layer Sig 1.4mil

r Solder Resist 3 0.4mil

Mikell Alfonso - ASPDPPCB
Group 4 DRU8825 Mk.1 1-30-2025




Hardware Design: Motor Driver PCB

Current Limiting Potentiometer

Step Precision Pins

Direction
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Hardware Design: Power Regulator PCB

Two Layers (Signals)

GND Copper Pour (6.296 in2 Top Layer and 7.046 W " o1 o2 TR3
in2 Bottom Layer) s s o - e @
LM2596-3.3V and LM2596-5V Fixed Output sutl concl
Versions . =

X (>
Inductor values from datasheet

DS1 and DS2 are LEDs
RO are zero ohm resistors
Test Points
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Hardware Design: Power Regulator PCB

LM2596-3.3V Regulator

Input Bypass Capacitor

Catch Diode

33 uH Inductor

LM2596-5V Regulator

Input Bypass Capacitor

Catch Diode

68 uH Inductor

BC3.3
, TP1 TP2 TP3

e 8 O

Cogtl Cout2

Ol Lt‘J

ez BC5) Cout3 Cout4

Ds2 IR(H( R)
TP4 TPS TPS

vineiHz o2z Coutd-2

Test Points

3.3V Regulator Side

Output Capacitors &
LED

Output Capacitors &
LED

5V Regulator Side

Test Points




Hardware Design: Main PCB V2

- Two Layers (Signals)
- GND Copper Pour (16.34 in2 Top Layer and

N “st}
18.652 in2 Bottom Layer) oy gy Pe |
- USB-A Port ()

- microSD Card Reader “ROF
- CP2102 USB-to-UART Bridge .
- ESP32-Wroom-32D

- Solid State Relay (K1 - Pneumatic Pump)

- ILI9341 Display Female Header Pins (J14)
- DRV8825 Motor Driver Header Pins (J2-17)
- Stepper Motor Connections (J16-J18)

- Limit Switches (J8-J10)

- Auxiliary Port (J15 - Pneumatic Pump)

- Screw Terminal for power from PSU

- Male Header Pins for Regulator PCB

PsU
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b
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0.4mil
= Ri3 JI0 R12 J9 R
Top Layer r4 1.4mil ., .

Dielectric 1 -4 Dielectric 12.6mil

2 Bottom Layer Signal z 1.4Amil
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Hardware Design: Mam PCB V2

USB-A Port —»

CP2102IC

USB-C Port

ESP32IC

Solid State Relay

Touchscreen pins

Motor Pins _

ESPRESSIF
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o
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microSD
Card Reader

Power Regulator
Board

" —— USB-A Port

/ Power Screw-In Terminal

/ Pneumatic Pump Port

’— USB-A Port




Hardware Testing: Regulator PCB

Input Input Input Output | Output | Output | APower | Operating | Efficiency
Voltage | Current Power | Voltage | Current | Power Temp
3.3v 24V 0.1984A | 4.7612W | 3.2540V | 0.9960A | 3.2410W | 1.5202W | ~45.61°C 68.07%
Regulator
5V 24V 0.2807A | 6.7366W | 4.9950V | 0.9960A | 4.9750W | 1.7616W | ~52.85°C 73.85%
Regulator

7.4 Thermal Information

LM2596
THERMAL METRIC(1) KTW (TO-263) NDZ (TO-220) UNIT
5 PINS 5 PINS
Seel® — 50
Seel®) 50 —
Raja Junction-to-ambient thermal resistance(?) (3) ‘Cw
See'® 30 -
Seel? 20 —

(6) Junction to ambient thermal resistance with the TO-263 package tab soldered to a single sided printed circuit board with 2.5 in2? of 1-0z
copper area.

(7)  Junction to ambient thermal resistance with the TO-263 package tab soldered to a double sided printed circuit board with 3 in? of 1-0z
copper area on the LM2596S side of the board, and approximately 16 in? of copper on the other side of the PCB.




Hardware Testing: Regulator PCB

3.3V Regulator S5V Regulator
Electronic Load: CC 2.5A Electronic Load: CC 2.5A

Cen 336 © o
Max 710
Min 19.7

Cen 501 °C G968 M Cen 548 °C
Max 69.6 Max B3.0
Min 18.7 Min 1B.6

3.3V Regulator @ 3.3V Diode @ 83.0°C. 5V Regulator @ 71.0°C. 5V Diode @ 84.9°C.
69.8°C. To: -55°C < Tj< 150°C To: -40°C < Tj < 150°C. To: -55°C < Tj < 150°C
To: -40°C < Tj < 150°C.




PCB Problems with Solutions -

Motor PCB

Problems:
- High Frequency Noise
- Jittery movement
- IC Frying

Solutions:
- Impedance matching &
trace lengths for V2
- Calibration
- Replace IC

Regulator PCB

Problems:
- LED Burning (shorted
with DMM)
- Hot temperatures past
2.5A

Solutions:
- Replace LED
- 2.bA surpasses power
consumption

N\

Main PCB V1

Problems:
- Driver pins connected to input
only pins on ESP32 (blue
wire)
- Impedance matching resistors
missing (blue wire)
Solutions:
- Blue wired for V1, Retraced
for V2
- Blue wired for V1, added
resistors for V2
- Introduced SD card sensing
- Introduced USB-C for power
delivery




i

COMM PROTOCOL

SPI
e ESP32 to Touch Screen
o Display
o Touch

e ESP32 to SD Card Reader
e Cameras to Raspberry Pi

Why: With many peripherals
connected to the ESP32, SPI was
chosen to reduce the amount of
pins needed as the Touch Screen
display and touch, and SD Card
Reader share the same SPI lines
with separate Chip Selects

WiFi
e Raspberry Pito ESP32
e Raspberry Pito Website

Why: The Raspberry Pi and
ESP32 share this Protocol and
the Website can be easily
accessed after connecting to the
Raspberry Pi's Access Point




User Diagram

/\| Protocol
User @ spl
B WiFi
Touch Screen Raspberry Pi
v
. —_ Client/Server
Choose to Choose to Start Finish P A . View Image /
Manually Select File Apply Offsets Erlntmg Printing o Upload File Zips Download -
Control rocess Process 4 Images — 5
Download Database |~ |

ESP32

Download

Depth Finder

File to SD
Card

Start Capture
for All Pads

Optical System

Finish Captures

Capture Images

' '

Captures
Complete

Store Images




Software Design: Parsing Gerber Files

Objective: Automatically Parser Gerber Files to locate Surface Mount Pads ona Xand Y
Plane.

W 40dda1s™A
© ool saddaisz

& 4010
©
w
{

®

R P ma-’lo mz Js m JS

P— XY ASZUmM

dpertures electio




Software Design: Parsing Gerber Files

Features:

O

Stores files Format Specification
and Unit Selected
Store Aperture Definitions (Pad
Sizes)
Locates each SMD Pad and
stores it with it's Aperture
Definition
Custom sort of the pads utilizing
a snake like track on the PCB
Offset can be applied prior to
printing in order to move origin
to the bottom Lleft of the PCB.
Tested with:

m Altium

m Eagle

m KiCad

GerberUtils

«entity»
GerberFile

-m_filePath: std::string

+m_pads: std::vector<SolderPad>
+m_apertures: std::vector<apertureDefinition>
+log: std::vector<std::string> log

+m_Scale: Scale

+m_format: CoordinateFormat
+xFormatFactor: double

+yFormatFactor: double

+GerberFile(const std::string& filePath): void
+applyCoordinateOffset(double xOffset, double yOffset): void
+addCoordinate(std::smatch match): void
+setScale(std::smatch match): void
+setCoordinateFormat(std::smatch match): void
+getNumberOfPads(): int

+padsToString(): std::string

+aperturesToString(): std::string

Solder Pad

«struct»
SolderPad

+x: double
+y: double
+apertureDefinition: padSize

+operator<(SolderPad other): bool //Custom comparison

Aperture Definition

«entity»
apertureDefinition

+apertureNumber: int
+mType = apertureType
+xSize: double

+ySize: double
+circleDiameter: double

+apertureDefinition(): void




Software Design: Executing a Print

Motors move to
"Home" Location

to ensure proper

starting point
Y

Note: Each Color represents a separate Task Scheduled




Software Comparison: Vision Libraries

OpenCV

SimpleCV

TensorFlow

Price

Free and open-source

Free and open-source

Free and open-source

Primary Purpose

Computer vision and image
processing

Simplified interface for
computer vision tasks

Machine learning and deep
learning

Ease of Use

Moderate, involves coding
knowledge

High, easy to use and
beginner friendly

Moderate to difficult,
requires knowledge of
machine learning

Programming Languages C++, Python, Java, Python Python, C++, JavaScript,
JavaScript Swift, Java

Image processing Extensive Basic Limited (mostly for data

capabilities preprocessing)

Stereo vision capabilities Stereo vision and depth Basic Limited

maps

Video processing

Real-time video and image
processing

Basic video support

Limited, other libraries
necessary for integration




Software Design: Depth Estimation Flowchart

Preprocessing Gener.:ate User selects .Stereo beoth C;Ialculate
Load left and (filtering, projection corresponding triangulate estimgtion solder dot Value output
right images contrast, etc.) matrices for points using height from
OpenCV depths

rectifying

P Irr;tr:n?i Extrinsic
- fo?:a| | ietﬁ Parameters
b/ - R, T matrices
- sensor info.




Software Design: Stereo Height Measurement

e Due to difficulties in reliably identifying corresponding pixels between the left and right images,
producing a high-quality 3D reconstruction of the object area is not possible.

e Specular reflections in combination with low texture areas in the images further sabotage any efforts
towards algorithmic pixel correspondence.

e For this reason, the stereo software has been reduced to a manual pixel correspondence which has to be
done by the user.

e Solder dot heights have been successfully measured using manual pixel correspondence and stereo
triangulation.

RESTART: /Users/elizartsy/Documents/ManualStereo.py
Select two pairs of corresponding points in both images (in the same order).
For example, first point for the solder tip and second point for the flat PCB.

Press 'c' to calculate height
Press 'q' to quit
Solder dot height: 0.54 mm




Software Design: Touch

«entity»
HandleMenus

-menuState: enum MenuStates
-menus: Menu **

-tft: TFT_eSPI *

-sdCardUtils: SDCardUtils *
-mControls: MotorControls *

«entity»
Menu

+HandleMenus(TFT_eSPI& tft, &mControls, &sdCardUtils)
+initMenus(): void

+initMenu(): void

+handleButtons(): void

+changeMenuState(enum MenuStates newState): void
+setPressStateButtons(int t_x, int t_y, bool pressed, int i): void
+handleButtonPress(int i): void

+wifiAndSDCardStatus(): void

-menuState: enum MenuStates
-buttons: TFT_eSPI_Button *
-buttonLabels: std::string *
-buttonCount: int

-tft: TFT_eSPI *

+Menu(TFT_eSPI& tft)

+initMenu(): virtual void

+initButtons(): virtual void

+handleButtons(int i): virtual enum MenuStates
+excludeButtons(int start, int end): void
+unexcludeButtons(int start, int end): void

i

Screen

[ wentity» 1
FileSelectionMenu «entity»
wentity» PrintingMenu
MainMenu

-sdCardUtils: SDCardUtils *

+MainMenu(TFT_eSPI& tft)
tMenu() override: void
tButtons() override: void

-printFile: char*
-menulndex: int

-printFile: File *
-sdCardUtils: SDCardUtils *

= i: F Menu *

+handleButtons(int i) override: enum MenuStates +FileSelectionMenu(TFT_eSPI& tft, SDCardUtils&

sdCardUtils)
+initMenu() override: void
l i 15() override: void
+handleButtons(int i) override: enum MenuStates
+getButtonCount(): int

«entity»
ManualModeMenu

(): void
+drawRectOverFileButtons(): void
+getFiles(): void
+ Tol

+mControls: MotorControls *

+gerberFile: GerberFile *

+executePrintHandle, pictureHandle: TaskHandle_t
+m_pads: std::vector<SolderPad>
+emergencyStop(): void
+PrintingMenu(TFT_eSPI& tft, SDCardUtils&
sdCardUtils, FileSelectionMenu
&fileSelectionMenu, MotorControls &mControls)
+initMenu() override: void

+initButtons() override: void

+t it i) ide: enum
+setPrintFile(GerberFile *mFile): void

+startPrinting(void *pvparameters): static void

wentity»
AdjustOffsetMenu
-x_offset: float
-y_offset: float
-z_offset: float

-menulindex: int
-decimalPoint: bool
-isNegative: bool
-decimalPlaces: int
-decimalPlacesDisplay: int
-offsetMenu: OffsetMenu *

ing : std:string
-scale: int +getPrintFile(): char *
-mControls: MotorControls *
+ManualModeMenu(TFT_eSPI& tft, MotorControls «entity»
&mControls) PrintingSetupMenu

+initMenu() override: void

+initButtons() override: void

+handleButtons(int i) override: enum MenuStates
+numToString(float num): const String
+changeScale(int button, float s): float

+takePictures(void *pvparameters): static void

+AdjustOffsetMenu(TFT_eSPI& tft, OffsetMenu
ZoffsetMenu)

+initMenu() override: void

+initButtens() override: void

+handleButtons(int i) override: enum MenuStates
+buildNumber(float num): void

+displayOffset(): void

+resetValues(): void

-printFile: File *
-sdCardUtils: SDCardUtils *

Menu: F ionMenu *
-printingMenu: PrintingMenu *
-gerberFile: GerberFile *

-mControls: MotorControls *

+PrintingSetupMenu(TFT_eSPI& tft, SDCardUtils&
sdCardUtils, FileSelectionMenu

«entity»
OffsetMenu

-x_offset: float

-y_offset: float

-z_offset: float

-printSetupMenu: PrintSetupMenu *
-gerberFile: GerberFile *
-mControls: MotorControls *

&f Pr
MotorControls &mControls)
+initMenu() override: void
+initButtons() over
+handleButtons(int i) override: enum MenuStates
+getGerberFile(): GerberFile *

W &printil J,

+0 TFT_eSPI& tft, PrintSetupMenu
&printSetupMenu, MotorControls &mControls)
+initMenu() override: void

+initButtons() override: void

+handleButtons(int i) override: enum MenuStates
+setValues(float x, float y, float z): void




Software Design: Touch Screen Menus

Main Menu Manual Mode Menu File Selection Menu

| Manu: 4;! Mode™
mmw:ﬂ ﬂ’“ﬂﬂﬂw M

SD Card: tlltm}mnﬂmlh




Software Design: Motor and Dispense Controls

«entity»
MotorDispenseControl

-maxSpeed: int  -maxAcceleration: int  -dispenseDelay: int
-xPadding: float -yPadding: float

-dispenseThickness: float

-sortSpacing: float

-m_Pads: std::vector<SolderPad>

-mServer: ServerHandler *

-fileName: String

+StepsPerMMX: float +StepsPerMMY: float +StepsPerMMZ: float
+zHeight: float +distanceToHomeX: float +distanceToHomeY: float
+motorXLocation: float +motorYLocation: float +motorZLocation: float
+pictureHeight: float

+motorX: AccelStepper  +motorY: AccelStepper  +motorZ: AccelStepper
+multiStepper: MultiStepper

+MotorControls()

+printSshape(): void

+executePrint(std::vector<SolderPad> pads): void

+dispensePaste(): void

+setDispenseDelay(int delay): void

+moveToOrigin(motorSelection m): veid

+moveToHome(): void

+moveDistancelnMM({motorSelection m, float distance): void
+moveTolLocation(float xLocation, float yLocation): void

+moveZUp(): void

+moveZDown(): void

+printPad(): void

+SortPads(std::vector<SolderPad> pads): veid

+takePictures(): void

+setServer(ServerHandler &mServer): void

+setFileName(String fileName): void
+setMPads(std::vector<SolderPad> pads): void




Software Design: Website/Client & Servers

File Upload Image Download
v W/ Vite + React + TS X + v W Vite + React + TS x  +
DI c A Notsecure  1042.0.1:5173 € > C A Notsecure 10.42.0.1:5173/download
Solder Paste Dispenser Upload Download How To
Solder Paste Dispenser Upload Download How To

Download Images

Choose File |No file chosen

Upload

FinalMainPCB.zip

Manual Height Finder Script

Download Pyth# Script

Choose File |final_demo_top_paste.gbr

N

Download
Zip of Images

Delete Zip of
Images

10.42.0.1:5173 says Download

Height
Finder Script

File uploaded successfully!




Software Problems with Solutions

Problem: Raspberry
Pi 4 CPU ISA is not

Touchscreen Raspberry Pi 4
e Problem: Buttons °
from other menus
would trigger

instead of the current
menu displayed

e Solution: Create ®
Menu abstract class
to base all menus
from and create a
menu handler which
uses the shared
functions in the
abstract class to
handle all button
presses

compatible with
current MongoDb
releases

Solution: Find
unofficial MongoDb
binaries that support
the Raspberry Pi 4
CPU ISA




Progress Pictures
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Budget and Financing

Cost per

-
4
-
L\

Total Cost

$682

Component Quantity O Cost Sum
ESP 32 MCU 1 $8 $8
Touch Screen 1 $25 $25
Stepper 3 £20 560
Motors

Power Supply 1 $25 $25
PS Regulator 1 $12 $12
Cameras 2 $40 $80
Optics 2 $111 $222
Raspberry Pi 1 $110 $110
DRV8825 PCB 3 $15 $45
PSUPCB 1 $40 $40
Main PCB 1 $55 $55




Progress and Plan

Week 1& 2 Week 3 &4 Week 1& 2 Week 3 & 4 Week 1&2 Week3&4 Week 1& 2 Week 3 &4

A --- /

Optical Inspection System
Design

o 37 Gode Deve[opmet ----

\Website and Server Code
Development

PCB Testing - -
Optical System Code ] | --
Development
Integrate and Test ----
e

Final Design




Work Distributions

Name

Tasks for Project

Nathan Boucher

Code to take XYZ coordinates and translate to stepper motors movement and dispensing, Code to
convert Gerber Files, Part of Code for SD Card Utilities, assisted PCB Design

Mikell Alfonso

PCB design and assembly. PCB design for Main Board, Stepper Motors Driver Boards, and Power
Regulator Board. Administrative Content and Video-Editing.

Elizar Tsymlyakov

Optical System Design and Image Processing Software for Stereoscopy and 3D reconstruction

Edward Weir

Code for Display GUI, Website frontend and backend, Part of Code for SD Card Utilities, Server for
Microcontroller, Server for Optical Software Connection






https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
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