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Pathoconnectomics

RPC1
Pathoconnectome from 10mo rabbit model of
Retinitis Pigmentosa (Phase 1 retinal
degeneration)

Status: Open
Database Annotations: ~280k

RPC2
Pathoconnectome from 2yo rabbit model of
Retinitis Pigmentosa (Phase 2 retinal
degeneration)

Status: Active
Database Annotations: ~100k

RPC3
Pathoconnectome from 4yo rabbit
model of Retinitis Pigmentosa (Phase 3
retinal degeneration)

Status: Captured
Database Annotations: N/A



Database Features: Morphology
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Data Sharing

Primary Goal: Make it simple for collaborators to access our combined annotation and image data
to create machine learning algorithms to augment volume annotation efforts.

Annotations:

« OData works great for sharing annotations:
» http://websvcl.connectomes.utah.edu/RC1/OData/

* Queryable, Readable directly into a Browser, Spreadsheet, or programming API

« Spatial data is plain text Open Geospatial Consortium format. Libraries exist to interpret it

I[mages:

» The goal is to ease accessibility for the image processing lab.

« Viking uses client GPU to perform transforms. Moving processing from client to server simplifies the client experience.
* Real-time transformation has been an advantage for adjusting volume registration during annotation phase.

« Attempts to share images:

« 1St Approach : Client exports region-of-interest to disk

« 2nd Approach : Cached RC1 volume available via HTTP, ex:
http://storagel.connectomes.utah.edu/RC1VolumeReqgisteredV2/RC1/234/Tiles/001/X160_Y049.png

« 3" Approach : Web API (Stopped at prototype due to performance issues)

« 4t Approach : A stack of numpy arrays, either shipped in the mail or a long download


http://websvc1.connectomes.utah.edu/RC1/OData/
http://storage1.connectomes.utah.edu/RC1VolumeRegisteredV2/RC1/234/Tiles/001/X160_Y049.png

Progress Towards Goal: CuPy proof-of-concept

h 1f 2 . Registration requirements:
B FFT

Python tests - self registration A

Image Labeling

Arithmetic

Convolution

Self-image
registration

/R

Peak: (0,0)
Angle: 0

Assembly Requirements:
Lo S I« Delaunay triangulation
806x806 pixels )

* Texture mapping

mini_ TEM
806x806 pixels

Registration Speed

GPU <7 sec

: Test Results Tmin 37 sec
» Fast: [2, 0, 2] test_SliceToSliceBrute Multi-core 101 sec
o Bialc: (—178, 178) lestStosBruteToSameImage

testSame TEMImageFast_GPU (Make sure the same image aligns to itself

estSameTEMImageFast_MultiThread (Make sure the same 1mage aligns t

t5an
t5a
: testSame TEMImageFast_SingleThread (Make sure the same 1mage aligns G PU " 14 f t t
’ Smgle tln‘ead stSameTEMImage _GPU (Make sure the same 1mage aligns to 1tself wit IS X aS er a
s ‘ Registration!

*  Mults-thread t ,5
< (GPU tes

same TEMImage_MultiThread (Hake sure the same 1mage aligns to 1t

sameTEMImage_singleThread (Make sure the same image aligns to 1

ClementVachet



Progress Towards Goal: GPU Implementation with CuPy

CuPy 1s 2 NumPy/SciPy open-source array library

tor GPU-accelerated computing with Python
» CuPy lacked the

LinearNDInterpolator
function necessary for

Transforms single CPU multu CPU partial GPU full GPU a fu I I G P U
» . implementation.

Rigid_NoRotation v

Regd ¥ « The function was

Centered Similary pulledinto the next

MeshVithRBFFallback CuPy release two

_ weeks ago
GridWithRBFFallback
Implementation for assembly transforms e OurCu Py version will
be fully implemented
Note: some transform components (e.g. triangulation) haven’t yet been implemented in CuPy upon next official cu py

release

ClementVachet



https://github.com/cupy/cupy/pull/8035

Progress Towards Goal: Tile Assembly

PMG files

-10 image tiles - 7 mosaic transforms

Grid_cel96_Mess_spd_Mes8_Thra.5.mosalc
Prune_Thrl.8.mosaic
RigidCenteredSimilarity.mosaic
Rigid.mosaic

Stage .mosalc

Translate_Max8.5.mosaic
ZeroGrid.mosailc

Image tiles: B

7]
2650x4671 pixels, 8-bi; 12M3 1§ 1383x1026 pi

- 1388x1036 pixels G

Full image:
- 2650x4671 pixels

SPEEDUP

Speedup - PMG Images - Downsamplel

singleCPU-GPU  m multiCPU- GPU
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ClementVachet

Ilgnore the blue bar
results.

Yellow multi-core
comparison ran on an
8-core desktop
system.

Beyond missing
LinearNDinterpolate |
suspect moving
memory between CPU
and GPU is a
significant time cost.
Most likely
optimizable.




Progress and Ongoing Efforts

Tools

» Every critical path now utilizes CuPy (with the one exception discussed). Passes unit tests.
« Have supportto export a stack of full resolution numpy files

« Waiting for next cupy version to fully test with GPU at scale

Docker Distribution

« Docker is simple to deploy and gives us easy access to our university high-performance
computing center. This provides easier access to the command-line tool that can export
registered volumes and will allow clients to run the Web Service locally for performance.

» All but one tool required to take images from capture to a 3D numpy array now run in a single
docker image.

* We have contracted Kitware to port the remaining legacy C++ ITK-based tool to a web image to
complete the docker image.

Web Service

* In progress.

« GPU performance determines if we revisit the original on-the-fly web service prototype or rely
upon pre-generated images.

Legacy Data

» Oiriginal registered RC1 images available via HTTP are being copied into a stack of numpy arrays.

 RC1 raw data is now compatible with the latest code. Going from imported data to a registered
volume is a great stress test for the new GPU code.
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