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Leakage Detection
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Context: Production of fiber composite components
Laminates are cured by means of heat and pressure
Pressure is applied through vacuum setup
Leakages in the vacuum bag lower the quality




Experimental Setup
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Quadratic workpiece with edge length 1.5m
Manually introduced leakage at random position

One vacuum pump plus flow meter per corner
Task: Predict leakage coordinates from residual flow




Prior Knowledge A#y
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Where is the knowledge integrated?
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From Standard to Equivariant A#y
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Standard Architecture Equivariant Architecture

Requirement;

fo(Tx) = tfg(x)
for all (T,t) = (R*S!, r*shH

Restrictions:

wte R¥ for £=1,..,L—1

WL = ]RZX4

bt =0 for £=1,..,L

=g(Wta*"1+ b =fo(x) =W"a"""+b
g( ) V= fox) Satisfy requirement layerwise

for £=1,..,L—1 by weight sharing in W* and W*




Architecture Derivation ‘#7
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fo(Tx) = tfp(x)

g(W*Ta) =TgWta) for £=1,..,L—1 and g(W'Ta) = tg(Wta)

g(W*fRa) = Rg(W¥a) for £=1,..,L—1 and g(WLRa) =rg(Wta)
g(WtSa) =SgWta) for £=1,..,L—1 and g(W'Sa) = sg(W'ta)

W*tR = RW?
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= Satisfy fy(Tx) = tfy(x) layerwise by weight sharing in W?* and Wt
= All representations of a group operation (T, t) can be generated in terms of (R,r) and (S, s)

* Permutation matrices and componentwise activation functions commute
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On Original Testset

Test Performance

On Augmented Testset
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Standard networks perform best in terms of original test data
- Arguably because real data does not reflect prior knowledge properly

Equivariant networks outperform standard networks on augmented data
—> Also in case augmented training data is used for standard networks




Visual Inspection
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1. Trajectories under flow shift between
diagonally opposed sensors

Orange: x, = x3 =0.25

2. Trajectories under flow shift between

adjacent sensors

Blue: X3 = x4 = 0.25
Orange: x, =x, =0.25
and so on...

3. Trajectories under flow shift
between adjacent sensors

Blue: x; = max(xy, ..., xX4)
X Orange: X, = max(xy, ..., X4)
wrc3gfllg MFCA and so on...

(a) EQV (b) EQV DA  (c) FCNN (d) FCNN DA X4 + X5 + X3 + Xq = 1
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Summary

* Network architecture that is equivariant with respect to the dihedral group D,

» Qutperforms standard in terms of augmented data and visual inspection

= Construction can be transferred to symmetry groups of higher order (see paper)
» Equivariant blocks can be stacked to build wider equivariant networks (future)

» Transfer to more complex geometries and different tasks (future)

Authors: Christoph Brauer (German Aerospace Center, TU Braunschweig)
Dirk Lorenz (TU Braunschweig)
Lionel Tondji (TU Braunschweig)

Code: https://github.com/chrbraue/leakage detection
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