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Motivation

Motivation CV based PNP

Qutlook

e 3D printers are getting more popular and affordable
e Great similarities between 3 axis 3D printers and PNP machines
e A lack of established soft- and hardware to combine both
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SMT PNP Machines

Motivation CV based PNP

-

Figure: DIY PNP machine designed by anthony.webb. [hacl9]
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SMT PNP Machines

Motivation CV based PNP CV Pipeline Testing Outlook

Figure: Commercial Pick and Place Machine by Essemtec. [ess19]
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A Computer Vision based approach

CV based PNP

Requirements

e Cameras to see the components

e A gripper to pick and place the components
e A tray to hold the components
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Hardware Setup

CV based PNP

Figure: Modified Kihling&Kiihling Reprap 3D printer.
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Hardware Setup

CV based PNP

Figure: The cameras.
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Hardware Setup

CV based PNP

Figure: The vacuum gripper.
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Hardware Setup

CV based PNP
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Figure: The component tray.
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The existing Computer Vision Pipeline

Motivation CV based PNP CV Pipeline
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(a) Original cv pipeline for picking (b) Output images
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The existing Computer Vision Plpelme

CV Pipeline
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(a) Original cv pipeline for placing (b) Output images
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Pipeline output: Good case

Motivation CV based PNP CV Pipeline

(a) Detected position (b) Detected rotation
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Pipeline output: Bad case

CV Pipeline

(a) Detected position (b) Detected rotation
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Room for improvement

Motivation CV based PNP CV Pipeline

Qutlook

e Dependent on manual configuration
e Threshold values
e Color range for background masking
e Conditions change with components
e Imprecise bounding rectangles

e Position offsets
e Rotation offsets

Felix Kolwa — Creating a pick and place solution for 3D printers



The new Computer Vision Pipeline

Motivation CV based PNP CV Pipeline

Outlook

Goals

e Improve reliability
e Automate manually configured values
e Improve precision

e Replace bounding rectangles
e Implement shape detection
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Picking

CV Pipeline
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(a) New cv pipeline for picking

Kolwa Creating a pick and place solution for 3D printers



Picking: Example output

Motivation CV based PNP CV Pipeline Qutlook
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Shape detection

CV Pipeline

Template matching

Resource Image Result Image

Figure: Simple template matching [tem19]

Contra:
Pro:

e No scaling or rotation
e Easy to Implement

F o Needs precise image data
e Fast for successful matching
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Shape detection

Motivation CV based PNP

CV Pipeline

Qutlook

RANSAC
RANdom SAmple Consensus

Figure: Feature Matching+Homography [opel9]

Pro: Contra:
e Well documented e Most implementations relying
. . on non-free algorithms
e Efficient for calculating &
homography between
two images
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Shape detection

Motivation CV based PNP CV Pipeline

Generalized Hough Transform

Pro:

e Robust to partial or slightly deformed shapes
e Robust to the presence of additional structures
e Tolerant to noise

e Can find multiple occurences of a shape during
the same processing pass

Contra:
e Computation intensive
e Memory intensive

e Slow
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Motivation

CV Pipeline

Generalized Hough Transform

CV based PNP

INPUT:
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OUTPUT:
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displacement vector r
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displacement vector r for an
arbitrary boundary point x
[Bal81]



Generalized Hough Transform

CV Pipeline

ation

CV based PNP
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Reconstruction of the ref-
erence origin [MCAO03]




Picking: Example output

CV based PNP CV Pipeline

Figure: Matched template
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Picking: Template source

CV Pipeline

<part id="2" name="ATTiny2">
<position box="2"/>
<size height="1.87" width="5.38"/>
<shape>
<point x="-2.6" y="-2.6"/>
<point x="-2.6" y="2.6"/>
<point x="2.6" y="2.6"/>
<point x="2.6" y="-2.6"/>
< /shape>
<pads>
<pad x1="-2.155" yl="-4.0" x2="-1.655" y2="-2.054" />
-0.895" yl="-4.0" x2="-0.395" y2="-2.054"/>
-4.0" x2="0.875" y2 .054" />
<pad x1="1.645" y1="-4.0" x2="2.145" y2="-2.054" />
-2.155" y1="2.054" x2="-1.655" y2="4.0"/>
-0.885" y1="2.054" x2="-0.385" y2="4.0"/>

<pad x1="0.385" y1="2.054" x2="0.885" y2="4.0"/>
<pad x1="1.655" y1="2.054" x2="2.155" y2="4.0"/>
</pads>
<destination x="20" y="10" z="0" orientation="45"/>
</part>

(a) G-Code

ating a pick and place solution for 3D printers

Outlook

(b) Template output




Picking: Example output

CV based PNP CV Pipeline

(a) Matched template (b) Matched template
exported from Eagle CAD based on rough approximation
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The idea

Testing
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The template

Testing
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Figure: The paper template
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The template

Testing

Figure: The paper template attached to the print bed
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The components

Motivation CV based PNP V line Testing

Figure: The chosen components
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Moti

ation

Test structure

Attach printed paper
template to print bed
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Apply adhesive

|

Run print job with
provided G-Code file

}
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Testing




Running the test

CV based PNP

Motivation CV Pipeline Testing Qutlook

Figure: A PNP test in progress
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Motivation c ) CV e Testing
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Number components

First results: Combined

Motivation CV based PNP CV Testing

Component placement (90 per configuration)

50
41
40
34
31
30
20
20 16 18
10 10 8
0 2
Success Translation Rotation Sideways Not-placed

||]I] Existing pipeline 0 Modified pipeline ‘

Average time per component
Existing pipeline: 10.4658s Modified pipeline: 10.4475s
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Common failures

Testing

Figure: 90 degree rotation offset
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Common failures

Testing

Figure: Bad template matching
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Common failures

Testing

Figure: Modified template
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Outlook

Outlook

Further planning
e Improve template matching
e More precise templates

e Continue testing
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Thanks

Motivation CV based CV Pipeline Outlook

Questions?
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