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1 Executive Summary

Automated Optical Inspection units, or AOIs for short, are large machines used in top-of-the-line
manufacturing lines in order as an efficient, automated process to enact quality control (QC)
checks. The products in question are usually small parts like screws and fasteners, PCBs with
components on them, or optical lens equipment. These products would be mundane and tedious for
humans to check for defects, such as surface abrasions, misprinted or misplaced components, and
PCB components with improper soldering. The fine details that can be detrimental to the entirety
of a product has now been left to machines to do that work; the AQOIls. The way AOIs work is as
follows; photos of good product in question are fed into an Al assisted software, as well as photos
of known and common defects. As the product is manufactured, it goes through the machine which
will take photos of ever relevant surface that a failure can occur. The photo is taken real time and
diagnosed by the software to determine if the product falls under the ‘pass’ or the ‘‘failure”
category.

AOlIs that are used to inspect the surface quality and position of hardware and components work in
the visual light spectrum. This is because visual light makes these physical observations show up
in photos so that the software and any QC operator can easily determine if the component in
guestion passes spec. However, for this project, a conventional AOI optical setup will not be used.
The sponsor of this project has requested an AOI that measures the thermal radiation that is emitted
from the product in question that is supposed to be checked. Therefore, a nonconventional approach
to AOI design must be approached to achieve the desired results.



2 Project Description

The following is a detailed breakdown of the goals our system will need to achieve, as well the
necessary background information, and the ‘why’ for why we are doing it.

2.1 Project Background

As technology develops at an exponential rate, so does the demand for volume and miniaturization.
Just think of a single motherboard for a modern computer. There are countless amounts of small
electrical components to provide power and signal across the entire board, but there are multiple
soldering points necessary for a proper connection. Having just one fault can cause a critical system
failure that prevents it from operating at its expected performance, or it may even cause it to not
operate at all. An experienced technician may be able to troubleshoot or catch a mistake on a single
board, such as an upside down part or poor solder. It would be unfathomable to expect that
technician to efficiently catch said mistakes across multiple boards at an acceptable error rate while
keeping on pace with the production line.

This is where an Automated Optical Inspection is useful. A system capable of taking photos and
scanning a particular area of a production line to determine if the product in question passes quality
testing specifications leads to a multitude of benefits. Not only is QC done at a rapid pace, but if a
high frequency of error within the product in question shows up, it may very well be an indication
that there is an unknown fault on the production line. As efficient as AOIs currently are, what
happens when the quality control in question doesn’t show up in the visible light spectrum?

This is where our product comes into play. The most common AOIs are used for PCBs, and the
reason that they rarely use thermal imaging is because defects show up in visual light. Introducing
thermal light to the product can cause reflections and hot spots that are not conducive to the quality
control process, and the margin of improvement that is gained from using this type of imaging to
have negligible benefit, if any. That means a custom AOI would need to be developed for our
purposes; a product that causes IR emission, and the emission profiles and the emission locations
are what is used to determine QC spec. Our project is developing a thermal AOI, as well as other
key accessories to help shape the entire QC process for the product in question.

2.2 Motivation

Motivation for this project comes as a challenge to create a solution to a problem posed by the
MOFD Research Team at the College of Optics and Photonics (CREOL). The challenge at hand is
to create a low-cost quality control system that incorporates two functions. One of them being an
AOI that operates in the NIR range, and a separate system that uses as a laser to determine how
much material has been used. While both of these are independent systems in nature, the core use
between the two of them is to provide a mechanical system to assist the team in increasing their
manufacturing potential.



2.3 Goals And Functionality

To achieve the goal of creating a full system that will QC the manufacturing for this system, we
first must break the system up into two units. The first unit in our system is a laser counter. This
laser counter, using a HeNe laser, will shine onto the copper insulated wires of the fabric. As the
fabric moves through the production line, the laser will shine on either the wire or the wool
backing of the fabric. The change in power as the laser hits these two materials on the fabric will
cause the emitted power to change as it is captured onto a photodetector. By logging this change,
we will consider that one of the individual wires has passed by when this power fluctuation has
been recorded. This will result in a counter recording how many fluctuations have occurred, and
translating it to how many wires have passed through the specified checkpoint.

The second, and most critical aspect of this project, is an IR AOI system taking photos of the
finished fabric after its manufacturing process. The fabric is covered by an electrical bus once it is
through its final manufacturing stage. This means the most fragile and critical electrical
connections are not visible post production, meaning that if there is a fault the only way to know
is connecting a power source and waiting to see if it works. This is not feasible in a conducive
manufacturing environment. The IR AOI, therefore, is to take photos of the thermal radiation of
the fabric as an electrical load is applied while on the line. A database of photos will be created as
benchmarks for the system. These photos will represent what passing and failing fibers look like
for the system and be stored on the machine. A software will then check the photos against the
live photos being detected as the fabric is being quality controlled, and the system will be able to
flag any known failure patterns as they arrive on the line.

2.4 Requirements and Specifications

Requirements and specifications are mandatory for our project for multiple reasons. These are the
standards and expectations that our funding research team has given us to succeed with the
project that they have instilled in us. It is the bare minimum that we all believe will create a
project we are satisfied and proud of, but also fulfils the requirements they have as our customers.
These specifications also give us, the project team, the ability to benchmark ourselves as we
physically design and build the project this Fall. We will be able to know if we are going in the
right direction, and we will also know if we can improve our design drastically if we are easily
able to fulfil these goals.

2.4.1 AOI Specifications

Table 1: AOI Requirements and Specifications

Description Project Minimum Targets

Resolution 800 x 800
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Power Input 120 VAC
Thermal inspection area <100 um
Photo Rate >360 threads/sec

2.4.2 Laser Counter Specifications

Table 2: Laser Counter Specifications

Wavelength 533 nm ~632.8 nm

Photodetector Sensitivity Dependent on Laser Power. Be sensitive
enough to record discernible differences to
execute count

Electric Power Requirement 120 VAC ~ 230 VAC (Laser)
Laser Beam Width 50 microns
Error Rate <5%

2.4.3 Microcontroller Unit Specifications

e The processing capability should be substantial to keep up with imaging for 1ft of fabric
per second (360 threads per second), this would entitle at a minimum:
o Multi-core processor
o >1GHz processor speed
o >2GB Ram
o GPU unit preferred
e The unit should have support for communication to secondary MCU
o GPIO data protocols UART, SPI, 12C, etc.
e The unit should have USB 3.0 for NIR-Enhanced CMOS Camera
e The unit should have ethernet to support network connection to collected data
e The unit should have substantial onboard storage to document defects
o >4GB Storage

2.4.4 Secondary Microcontroller Unit Specifications

e The unit should have support for communication to main MCU
o GPIO data protocols UART, SPI, 12C, etc.
e The unit should have support for sending and receiving signal from photodetector



o Will need an Analog to Digital Converter >10-Bit capable
e The unit should have support for RGB LED or two separate LEDs
o PWM capable GPIO pins

2.4.5 General Specifications

The general specifications as seen here are target goals for general operation. We plan on
showecasing the first three specifications for our SD2 demo

e System must be able to resolve clearly such that the machine vision can resolve at
minimum an 800pm x 800um surface

Measurements, data collection and automation must match operation speed of 1 ft/s
Minimum 60% pass rate on both the laser counter and the AOI process

External PC support (air gapped, log collection)

AOI camera and the measuring laser must at six inches above the line

System must be capable of upgrades

All optic components must be housed internally

Can operate within a manufacturing environment, regardless of air cleanliness

2.4.6 Possible Project Constraints and standards

AC/DC Power supply
Safety design

Testing Process
Reliability

All standard connections
Programming languages

2.5 House of Quality

In this project, we need to find out the tradeoff between the market requirements and the
engineering requirements. By making the following house of quality diagram, that allows us to see
the correlation between them and gives us also a better view of how requirements affect one
another. This House of Quality in other words will help us to optimize the quality of our product
design.
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Figure 1: House of Quality




2.6 Hardware Flow

Figure 2: Hardware Block Diagram

FAIL

PASS
Figure 3: Software Block Diagram




2.6.

2.7
O

1 Responsibilities

Power Supply: Valery Jean

Signal Amplifiers (if needed) (Rail Power): Valery Jean

Signal Amplifiers (if needed) (Signals): Garin Arabaci

IR-AOQI: Anthony Badillo

Auto-Focusing Rail: Garin Arabaci

Laser Counter: Anthony Badillo

Voltage Supply and Monitoring (For Fabric Testing Interface): Valery Jean
Physical Interface to Fabric (For Fabric Testing Interface): Garin Arabaci
Software: Joseph Sauceda

MCU: Garin Arabaci

Alert Interface (LEDs): Garin Arabaci

Prototype Illustration
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Figure 4: Prototype Diagram



3 Research and Product Selection

Creating a project this scale from scratch requires analysis of not only the product we are
replicating, but also checking other relevant technologies that help guide us to create a foundation
on which to build upon.

3.1 Similar Product Research

Current AQI Intellectual Property is heavily guarded by the manufacturers of such systems. In
order for the team to develop our own homebrewed system, it is necessary to research the sub
technologies that will be incorporated into our design by a case by case basis.

3.1.1 Microscopy Systems

Microscopes are capable of magnifying small to microscopic objects in order resolve an image
that could not be capable with the naked eye. The general principle for the simplest microscope is
a microscope objective lens, which gathers as much light from an object as possible. The concave
lens nature of the objective magnifies an image along a tube or any other image housing, until it
hits an eye piece. This eyepiece is able to focus an image in imaginary object space, meaning that
it ‘floats’. Unless there is an accompanying camera system, the goal is for the user to align their
eyes to the eyepiece to see the image.

Microscope objectives are qualified by their magnification power. It’s a generalized term that has
varying degrees of definition, but the principal notion is as follows. The greater the magnification
number, the smaller level of detail the system is able to resolve.

A baseline for relative magnification was made with one of the fabrics in our possession. We
placed it under a 5x microscope objective, and the microscope was able to resolve an area of
around 900 um x 900um. This was incredibly close to our target, but there was one fatal flaw.
The working distance in order for the microscope to resolve the image required it to be around 26
millimeters from the surface of the fabric, meaning that it failed our spec of being 6 inches off the
line. However, knowing that it is indeed possible to magnify our fabric clearly with relatively
cheap optical parts, we knew the approach in designing our own telescopic system, whhich will
be explained further below.

3.1.2 Thermal Imaging Systems

Another critical component to the AOI portion of the QC system is thermal imaging. The
spectrum of light extends much further than the spectrum of light people can see. Thermal
radiation lies beyond the 1200 nm wavelength, and it because of the properties of infrared light
with its respective wavelength and frequency, the light generates heat in a classic ‘thermal vision’
sense. With the use of thermal detectors, which is expanded below, is able to map the different
intensities of heat to form a resolvable image.

Knowing that thermal imaging is a growing and improving field in Optics, Securities, and
Defense, we can use the core concepts from traditional thermal imagers and thermal cameras to
build our own system with proper resolution in order to achieve our goal.
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3.1.3 Relevant Data Inspections

Camera 4MP 9MP
X/Y Pixel Resolution 10um 15um 18um 10um 15um 18um
Inspect Speed 9.1cm/sec 20.5cm’/sec 29.5cm’/sec 18cm’/sec  40.5cm’/sec 58.3cm’/sec
FOV (Field Of View) 20 x 20mm 30 x 30mm 36 x 36mm 30 x 30mm 45 x 45mm 54 x 54mm
Height Range 0~ 5.5mm (option 27mm)
Height Accuracy + 3%
Max. PCB Warpage + 3mm
Motor Type XY Linear Servo Motor
Min. 50 x 50mm (2 x 2 inch
Standard !
Inspection Max. 330 x 330mm (13 x 13 inch)
Size i Min. 50 x 50mm (2 x 2 inch
rqe
IS Max. 510 x 510mm (20 x 20 inch)
PCB
Thickness 0.4 ~7.0mm
Top Clearance 50mm
Bottom Clearance 50mm
Electrical requirements 220 ~ 240Vac, 1Phase, 50/60Hz
Power Consumption 3.5KW (16.0A Max @ 220 AC)
W x D X H/Weight (Standard) 1100 x 1780 x 1600mm (43 x 70 x 63 inch) / About 750kg (16531b
Machine Dimension
W x D X H/Weight (Large Type) 1280 x 1960 x 1600mm (50 x 77 x 63 inch) / About 970kg (2143lb

* Specifications subject to change without notice.

Figure 5: The technical sheet for a current AOI

Figure 5 shows the technical summary table for the Pemtron Eagle 3D 8800 and 8800HS AOI
Systems. These systems can be used as the framework of success for the model that we want to
use. As can be shown from the first four rows, we can focus on the imaging quality that the
system provides; Camera, X/Y Pixel Resolution, Inspect Speed and the FOV. The key aspect that
is shared across the board with these four is the high fidelity it creates when imaging for QC
purposes. The large megapixel count in the camera systems, even on the lower end system at 4
MP, is imperative for a clear image to resolve. This is necessary because when imaging small
PCBs there are countless points of failure that can occur. Poor soldering, physical defects on
chips and resistors, and misplaced components need close inspection. This level of detail is
critical for standards, especially when such standards have differentiations between multiple
industries. The tolerance for defect is dependent on generalized standards for the industry a PCB
is being created for, or even specific projects if the customer requires it.

To be able to hit all four listed criteria for well resolved images, especially in the thermal
spectrum, we will need to use every possible imaging concept, equation, and fine tune our optical
setup in order to properly form the best images possible.
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3.2 Relevant Technologies

In order to properly create this project, multiple facets of optical systems and electrical systems
must be married into a coherent system that will function the way we want. In order to achieve this
feat, we must break down the multiple facets of each branch of the system, and further discuss the
physical limitations and the capabilities of what we are looking to achieve. With this
designated breakdown, the systems can then be optimized in such a manner that they will be capable
of operating at full capacity.

3.2.1 Telescopic Lens Systems

Telescopes are an invaluable optical system that collects emitted light from an object at great
distances and focuses the light into a resulting image that can be used for research or practical
purposes. The method of collecting the light, as well as the optical design of said telescope is
bountiful and numerous. The key to choosing the right telescope design is dependent on the purpose
that one is trying to achieve.

Even with the multitude of assorted designs for telescopes, the principle of their optical
functionality remains the same. An appropriately sized front optic is placed in front of the system
to collect the light from a target body. The collected light is either then expanded or focused until
it reaches an eyepiece, which will then create an image on either a sensor or wherever the viewer
must place their eye. The image is then formed, and if all parts of the system are optimal, the
resolution of the resulting image can then be used for whatever purpose necessary.

For the purposes of this project, a Galilean Telescope will be used. As Figure 6 shows, a Galilean
Telescope can use a plano-concave lens to diverge the light from an object, and then uses a convex
lens to collimate the light. The reason for this is due to the working distance necessary to fit our
design parameters.

We are working in at a wavelength range of 1.7um to 1.95um, which is within the NIR range of
light. Knowing this, we would need to not only find appropriately sized lenses with the correct
focal length to create the correct image, but we would also need to make sure that the glass used
would be able to focus light at that wavelength range.
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Figure 6: Galilean Telescope (Beam Expander/Telescope) diagram
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3.2.2 Thermal Sensor
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Figure 7: A generic sensor showing the process of imaging

Imaging the fabric that is already welded to the electrical bus will require thermal imaging. Visual
light will not penetrate the manufactured piece under the fabric, so there would be no way to
properly check the electrical connection of the fabric in this state. Due to this, a visual light camera
would be an impractical fit.

The wavelength of NIR is within the range of 780 nm to 2500 nm, compared to visual light which
is between 380 nm to 700 nm. This means that an IR sensor is necessary to use in order to get the
type of image that we are looking for. Thermal cameras use the thermal radiation given off by a
heat source, which can range from 3um to 14um, and uses the energy as it goes through a detector
to process an image. Thermal detectors use a focal plane array, which is a two-way array of
detectors ranging in micrometer size. The pixel resolution ranges from 1024 x 1024 pixels to 4096
X 4096 pixels. The two types of focal plane arrays are quantum detectors and thermal detectors.
Quantum detectors use exotic materials, such as Indium antimonide (InSb), to measure photon
absorbency. It is an expensive product with a degree of capability and accuracy outside the scope
of this project, meaning that we will choose to use a thermal detector.

Thermal detectors use bolometers, which is a device that is electrically stimulated through the
change in thermal radiation. The heat coming off the object creates this excitement that then
translates to image formation, with the use of an absorption layer and a thermal reservoir. Because
of how relatively inexpensive this is compared to quantum detection; it fills out criteria.
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3.3 Microcontroller Unit (MCU)

The Microcontroller Unit is the first point of research for the control system of this project as it will
be running the image processing algorithm required to interpret the data from the NIR-Camera.
Since the target speed of the manufacturing line is one foot per second, and one foot of the
Chromorphous fabric contains 360 threads, we could potentially be taking and processing 360 near
infra-red photos per second. Given this potentially massive computing requirement, we will do our
best to meet this with hardware but may have to resort to decreasing the number of tested threads
or slowing down the manufacturing line. However, this is not something we will be able to quantify
until the software is built. Since the processing requirements cannot be quantified estimated
minimums have been made. At minimum the MCU should have a multi-core processor capable of
greater than or equal to 1GHz clock speeds, greater than or equal to 2GB of RAM, and preferably
a separate Graphics Processing Unit. In order to accommodate our initial NIR-Camera selection,
our MCU will have to have support for the USB 3.0 standard. The MCU should also have an
ethernet port to support connection to a Local Area Network (LAN) and beyond. Doing this will
enable users to access the MCU and its collected data from any computer on the same network. In
the same vein, to store this data for future access the MCU should have a substantially large storage.
The NIR-Camera saves its images as a TIFF file format which has a maximum size of 4GB, so as
a minimum the MCU should be able to store one max sized TIFF file. In the event that the storage
of images depicting a failure becomes an issue, it could potentially be offloaded to another
computer on the same network. A final consideration to consider for the MCU selection should be
the preference and familiarity of our programmer Joseph. He expressed familiarity with raspberry
pi MCUs so they will be given a bias if they are applicable.

Since our computation requirements are not currently quantifiable, the implementation of a
secondary MCU will be done. This secondary MCU will have significantly lighter requirements as
it is meant to take over as many simple processes as possible from the main MCU. This, however,
will require communication between the main MCU and the secondary MCU which could b