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CAl papers at MICCAI 2020

30
25
20
15
10

using Deep Learning NOT using Deep Learning

Mch@@gg@ AutoSNAP
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Variety of Tasks in CAl

* Instrument Pose Estimation

* Trajectory Planning

* Video Analysis

Neurodegenerative Erkrankungen
in der Helmholtz-Gemeinschaft



Learning for CA|

1. Task Design
=) =)

2. Dataset and Augmentation

ResNet

3. Neural Architecture =

(4. Training)

MICCA I 22  AutoSNAP

Zimd,
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iI3PosNet [Kugler IPCAI 2020

2 Datasets
* Synthetic
* Real

MICCA I 22  AutoSNAP
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Transfer of neural architectures in CAl

* EndoNet [Twinanda 2016}

convo

convl conv? conv3 convd
55
27
3 13
27 “h::-::"': S5 .- |
.2 2‘4 ---::::---'-'-\.'.'.-_-_-,._._l| 3._ - __..:-_—_-_.!-'-'-"i'- 3 o -_-_ -:-:-_-.'-'l'
o 5_‘- ________ A = 13 e 13 ‘.'_'_-_‘_“--" B

= -\.'.'_-\._.__1 ______--"' -
o e 384 384
4 256

M hax

Poolin Pooling

Stride 26 5

AlexNet architecture

fc8

13

256

dense dense

4096 4096 7

4103

AutoSNAP

dense

h

* Tripnet [Nwoye 2020}

instrument subnet {1}
o
. Conv | | Conv o= . Y,
3x3x256 1X1xC, o
CAM C,
Backbone
ResNet-18 X1
Y2
verb-target subnet {V, T }
—
Xq CAG unit Vs
(a)

Verh detection network

activation

[CAM]
01 . . . C,

Conv Conv ‘ .
—> 3n3x64 1x1x64

Conv Conv
3x3xG4 1x1x64

Target detection network

(b)

0 T -

3D

space

Y123
triplets
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iI3PosNet [Kugler IPCAI 2020
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After 25 epochs

Optimizer FC Regularization
Mone

Mone

Adam Dropout

Mone

Mone

==l Dropout

After 23-25 epochs

Bdam Batch Marm

After 23-25 epochs

Optimizer FC Regularization
BEatch Mormalization
DOropout
BEatch Mormalization

Adam Dropout 0,05

After 23-25 epochs (Median)

Optimizer FC Regularization
Batch Mormalization
Dropout
Batch Mormalization

I Adam Dropout 0.05

After 40-50 epochs

Optimizer FC Regularization
Batzh Mormalization
DOropout
Batch Mormalization

Adam Dropout 0,05

After 30-100 epochs

Uptimizer FC Regularization
Batch Narmalization
DOropout
BEatch Mormalization

Adam Dropout 0,05

After 30-100 epochs [(Median)

Optimizer FC Regularization
Batch Mormalization
DOropout
Batch Mormalization

Adam Dropout 0,05
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Laver Coun 22 ¥ 222 33
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Oropout

Max Pocling
Same
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Intuitive idea

\

Neural
Network

VALUE ESTIMATOR  — Ferformance

=g ,
Estimate

Architecture

block %
BENCHMARK Lintuitive idea”

—>predict performance...

Limits:

1. How to benchmark?

2. How to represent architectures?
3. How to find new architectures

BUILD + TRAIN + EVALUATE (efficiently)?
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softmax

controller

layer
/

hidden layer

—

Discrete

* NASNet [Zoph 2018] >~
* TEST - IMPROVE

=elect one
hidden state

1

Select second
hidden state

Select operation for

1

first hidden state M

1

NAS approaches

3 x 3 conv

I hidden layer A :
|

Select operation for
second hidden state |

™~

2 X 2 maxpool

!
I hidden layer B ,
|

________ |

Select method to
combine hidden state

7

0

1

repeat B times

> 200 GPU days
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Continuous

* DARTS [Liu 2019]
* LEARN ALL POSSIBILITIES

0

9

0

o

“““”””
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Method Contributions

1. Neural Architecture representation

2. Search Method

Neurodegenerative Erkrankungen
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Symbolic Neural Architecture Pattern

Sym oJo] Blank SNAP Almost ResNet

{4 {4

Conv 1x1 B BRANCH
—p 4+ =>Conv 1x1—> M + —>Conv 1x1—
Conv 3x3 | MERGE (add) I mplicit | 9 I] olict
merge (add) merge (add)

Pw-conv 33 g SWITCR Random SNAP

SWITCH M Conv 3x3
DWS-Conv ; ) )
3X3 " DW-Conv &I DW-Conv B4
MERGE ]l 3,3 I 343

——
MaX‘POOI m + —Conv 1x1—>m—>
_.M_T merge (add)
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BENCHMARK

m—» ENCODER  msssssssm 7 q DECODER =i \'Va\x

VALUE
ESTIMATOR

Perfo!nance
BENCHMARK g 2 ctimat
stimate
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VALUE
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Estimate
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DECODER

om s ONAP

VALUE
ESTIMATOR

Performance
BENCHMARK i ctimate
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Optimization Space

DECODER  =—i-EI\ Vit

VALUE
ESTIMATOR

BENCHMARK Perfo.rmance
Estimate
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&5 TECHNISCHE N
S0//= UNIVERSITAT DZNE 16
4 STADT Deutsches Zentrum fiir

in der Helmholtz-Gemeinschaft




Best SNAP

« (D ) G
e foor oo ko 3

3X 3X

/_R /_R

Conv 3x3 M + —>Conv 1x1—

implicit
merge (add)
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2
1,8
1,6
1,4
1,2

1
0,8
0,6
0,4
0,2

0

Pose Estimation Errors

(normalized by i3PosNet/lower is better)

Position Synthetic Angle Synthetic

MIGGAI@@M AutoSNAP

Position Real

Angle Real

B DARTS*

™ 13PosNet

B SNAPNet-A

SNAPNet-B
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Contributions

* Automatic Learning Neural Architectures for CAl
* SNAP: Architecture representation

* Efficient Search/Optimization

* Significant Performance increase

,@kueglerd @anirbanakash

https://autosnap.david-kuegler.de

github.com/meclabtuda/AutoSNAP
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https://autosnap.david-kuegler.de/
https://github.com/meclabtuda/AutoSNAP

