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Digitisation of natural collections
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a $|2D Mosalcmg, Macro & 3D
: (2012) Brecko et al (2014)

MicroCT,

Large scale CT, Faulwetter et al (2013)

Stanley &

Cheung et al (2013) Blackburn (2017)
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https://zookeys.pensoft.net/lib/ajax_srv/article_elements_srv.php?action=zoom_figure&instance_id=19&article_id=4346
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3591762/figure/F1/
https://zookeys.pensoft.net/article/3609/element/4/42/

3D photogrammetry
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https://zookeys.pensoft.net/lib/ajax_srv/article_elements_srv.php?action=zoom_figure&instance_id=19&article_id=4346
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b. Pros and cons of 3D photogrammetry, and common issues
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Pros of 3D photogrammetry

* Low cost (S10K vs S1000K) and DIY
e Fast (2.4hrs vs 24hrs) and safe (no radiation)
* True color

InsectScan3P

Skyscan 1172 Micro CT 3D photogrammetry vs Micro CT
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Cons of 3D photogrammetry

* Trouble with thin/transparent/hairy/reflective/textureless parts
* No internal structure

Micro CT, J.Alba-Tercedor et al (2016)
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http://www.youtube.com/watch?v=gQorVu5OMmM&t=22

Cons of 3D photogrammetry (continue)

* Macro focal stacking slow and erroneous*
* 3D reconstruction unreliable*

Scanning direction

Specimen Lens Image sensor e e 2 "~ . AN SR
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Cons of 3D photogrammetry (continue)

* Macro focal stacking slow and erroneous*
* 3D reconstruction unreliable*

Scanning direction

Specimen Lens Image sensor
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Cons of 3D photogrammetry (continue
o

* Camera parameters and poses missing/inaccurate® ., /7
* Robotic system potentially expensive & unsafe* -

o =~
< ==,
U Sl

Martins 2015’s R2obbie-3D

ZooSphere’s pan-tilt rig
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Other common issues

Specimen handling:

e Manual and labor intensive handling™*
e Large scale (~¥12M) collections, “w/o accidents”*
e Dealing with labels

11 | Chuong Nguyen | Towards high-throughput 3D insect capture for species discovery and diagnostics



Other common issues

Data curation and publication:

e 3D editing and annotation

e Non-standard embedding in scientific publications

e Emerging visualisation platforms (\Web3D - Sketchfab, Virtual Reality - Oculus,
Augmented Reality - Hololens)

e 2D & 3D catalogue and search
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https://sketchfab.com/sciencebydoing
https://zookeys.pensoft.net/article/3609/element/4/42/
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2. Proposed solutions for high-throughput 3D capture
a. Specimen handling
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Automatic specimen handling

e Affordable desktop
robots from $1.5K
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http://www.youtube.com/watch?v=ggT4hz5tM_0
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Automatic specimen handling

e Affordable desktop s“Webcamﬁﬂ
robots from $1.5K 1 -

2D & 3D camera

Computer vision

Control logic

Lots of engineering
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2. Proposed solutions for high-throughput 3D capture

b. Targetless scanning and high speed image acquisition
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Target-less 3D reconstruction
. B

sl  STACKSHOT/3X

InsectScan V2

Martins et al (2015)
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https://www.cognisys-inc.com/products/stackshot3x/stackshot3x.php

Target-less 3D reconstruction (cont.)

1. Camera calibration: focal length (f), distortion coef., initial pose

image plane
%

X

Y
Z
|_1_

= _ [R,, t,]: initial pose
2. Posergeneration

[Ry(oc)*RX(B)*RO, t,*dt]: new pose and pan (x) tilt (y) angles o, § and movement dt
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High speed & resolution image acquisition

* DSLR camera versus
lab camera (S3K)

 Mechanical/electronic/
rolling/global shutters

S.com

photodrugs.wordpres:

a.com

teledynedals:

Motion Blur Rolling Shutter Global Shutter
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https://photodrugs.wordpress.com/2010/10/20/dslr-principle-scheme-of-work/
https://www.teledynedalsa.com/imaging/knowledge-center/appnotes/global-shutter/
https://www.ptgrey.com/grasshopper3-123-mp-color-usb3-vision-sony-pregius-imx253
https://www.thephoblographer.com/2013/06/30/on-crop-factor-what-it-means-and-how-to-apply-it-to-your-photography/

Multi-camera consideration

flash

external
trigger

external
trigger

DSLR cameras Lab cameras
sync. uncertainty ~100ms sync. uncertainty <1ms
slow continuous run fast continuous run
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Multi-focus stacking using light field

Captured images Scene 3-D blur

Scanning direction

Kodama and Kubota (2013)

Specimen Lens Image sensor
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http://ieeexplore.ieee.org/document/6562776/

Macro focal stack versus light field imaging
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* Resolution versus depth of focus
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Object : Objective Lytro camera in Objective Lytro
LCD Display inverse regime Image Plane J§ Object Plane

5x5 multi camera Ilght fleld 1st Lytro camera (11MP), Our Lytro lllum (40MP) &
microscopy (19MP), Lin et al (2015) Mignard-Debise & Ihrke (2015) macro lens

23 | Chuong Nguyen | Towards high-throughput 3D insect capture for species discovery and diagnostics



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4574646/
https://arxiv.org/pdf/1508.03590.pdf
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2. Proposed solutions for high-throughput 3D capture

c. “Human in the loop” 3D reconstruction
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Artistic modeling

A butterfly in blender,
Sebastian Konig (2008) F
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I%sects Collece[ion V6,
3d molier

"Fly" Modeling in Blender, Sebastian Konig (2009)
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https://youtu.be/38qJC9ZGgkk
https://youtu.be/38qJC9ZGgkk
http://www.youtube.com/watch?v=fGyr9vfh19w
https://sketchfab.com/models/08d80ef4bc2d4ab3a57b5b3ff227856d
https://youtu.be/2Hr2tS8nHmA
https://www.turbosquid.com/3d-models/insects-v6-3d-model/621737

Scanned model versus artistic model

Interactive reconstruction
with part library?

3D scanned cicada 3D hand-modelled cicada
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https://www.turbosquid.com/3d-models/3d-model-cicada-wing/620396

“Human in the loop” reconstruction

Human => Deep Learning
Automatic refinement

— Structure _’ Leaf Segmentation =y Leaf
from Motion g I Reconstruction Plant Model
f?”,,;:f‘ ““’..,' S

L ﬂ? "* y- o
2D

3D

Quan et al (2006)
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2. Proposed solutions for high-throughput 3D capture

d. 3D annotation and Augmented Reality and demo
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3D annotation

- WebGL technology to represent and link in all metadata

- Our annotation platform https://ie.csiro.au/apps/p3d-legacy/
- No ISO standard archival format for this kind of data

- Live demo?
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https://ie.csiro.au/apps/p3d-legacy/

Augmented Reality Showcase

Scope Tv: 3D Insect Scan
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http://www.youtube.com/watch?v=G8bqwxSJzrM&t=190

Live demo with Hololens

During the next break
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3. Conclusion
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Conclusions

e High throughput 3D digitisation needs 3D photogrammetry

® Possible solutions for

Specimen handling with robotic arms

High speed image capture

Light field capture/reconstruction of in-focus images
“Human in the loop” reconstruction

3D web and augmented reality for publication and catalogue

® Cross discipline developments require more efforts...

O O O O O
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