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VIRTUAL TESTING
• Physically-based 
• Time consuming
• On-the-fly

deep learning & big data

ARTIFICIAL 
INTELLIGENCE
• Hidden patterns
• Black-box
• Experimental trials 
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SIMULATION GUIDED AI
• Trustworthy AI 

(physically-
constrained)

• Reduce of tests for 
data-sets

Towards AI assisted virtual testing of composites
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STRUCTURAL COMPOSITES motivation

Fiber-reinforced composites present a simple -but efficient- hierarchical
structure that leads to tough materials from brittle constituents.

dominant
length scale

fiber diameter
≈ 10 µm

matrix shear yielding
interface decohesion

ply thickness
150-300 µm

crack bridging 
fiber pull-out
fiber kinking

interply decohesion

laminate thickness
2-20 mm

buckling
crushing

Understanding the fracture behavior requires a multiscale approach for
characterization and modeling to account for the interaction between
length scales.
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Non linearity (geometry and material)

Totry et al., 2008
Wisnom et al., 2007

Intralaminar failure (fiber failure, matrix cracking, interface decohesion)

STRUCTURAL COMPOSITES motivation
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Carbon/Epoxy Transversal Compression [0]8 SEM In Situ Test
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Damage triggered at the microscale

Fiber debonding + matrix crackingPlastic shear banding and failure

STRUCTURAL COMPOSITES motivation
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MULTISCALE SIMULATION STRATEGY
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Fiber centers are generated randomly and sequentially to reach target volume fraction in a
square RVE. A periodic microstructure is formed by an indefinite translation of the RVE.
A 3D parallelepiped containing a random and homogeneous dispersion of fibers is obtained

by extruding the 2D RVE along the fiber axis.
Periodic boundary conditions are imposed between opposite faces of the RVE (jig-saw

puzzle)

UNIT CELL MODELS
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FIBER MODELFibers behave as elastic solids: transverse isotropic (carbon fibers)
and isotropic (glass fibers)

INTERFACE MODEL
Interface decohesion is accounted for using a cohesive crack model

• Onset of damage

• Traction-separation law

• Evolution of the damage parameter

• Interface fracture energy

onset of damage

UNIT CELL MODELS
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The epoxy matrix followed a modification of Drucker-Prager plasticity (Lubliner)
to account for brittle fracture in tension and shear yielding

COMPRESION TENSION

Drucker-Prager

Tension cut-off

•Pressure sensitivitya
yc
ms
yt
ms

•Compression yield stress

•Tension cut-off

• Fracture energy for softening f
mG

MATRIX MODEL

UNIT CELL MODELS
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Instrumented Indentation
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PH
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Material

h

MATRIX PROPERTIES

Load P vs. depth h of the indenter is monitored
Hardness H is dependent on the yield strength
Real and apparent contact areas differences (pile-up and sink-in)
FEM detailed model of indentation in pressure dependent materials
Drucker Prager solids and

yc
ms

yc
ms a

MATRIX/FIBER INTERFACE  PROPERTIES
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MATRIX/FIBER INTERFACE  PROPERTIES

Push-Out on Polymer Matrix Composites

rt
PS
p2
max=

plate 
bending

elastic fiber
push-in

fiber
push-out

M. Rodríguez, J. M. Molina-Aldareguía, C. González, J. LLorca. A methodology to measure the
interface shear strength by means of the fiber push-in test. Composites and Technology, 72, 11924-
1932, 2012.

glass/epoxy glass/epoxy
BackFront

carbon/epoxy carbon/epoxy
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• TPB notched specimens
• a0/D ≈ 0.5 for stable crack growth
• On-line detailed inspection of failure micromechanisms

THREE POINT BENDING

L. P. Canal, C. González, J. Segurado, J. LLorca. 
Composites Science and Technology, 72,1223–1232, 2012. 

NOTCHED THREE POINT BENDING MODEL
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NOTCHED THREE POINT BENDING MODEL
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The elastic constants of the transversely isotropic homogenized composite
were obtained from those of the matrix and fibers using Mori-Tanaka
Discretization was carried out with quadratic triangles (CPE6M)
Interfaces were discretized with linear triangles (COH2D)

Simulations were carried out with Abaqus/standard under plane
strain conditions within the framework of an embedded cell model.

NOTCHED THREE POINT BENDING MODEL
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The numerical model is able to reproduce accurately the
macroscopic P- CMOD curves as well as the microscopic failure
mechanisms.

NOTCHED THREE POINT BENDING MODEL
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solid elements
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INTRALAMINAR DAMAGE

INTERLAMINAR DAMAGE

MULTISCALE SIMULATION STRATEGY
COMPUTATIONAL MESOMECHANICS

OPEN HOLE TEST DROP WEIGHT TEST
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IN-PLANE SHEAR

Matrix Cracking

Delamination

NO residual thermal stresses WITH residual thermal stresses

5mm

X-Ray Tomography

[+-45]2s

MULTISCALE SIMULATION STRATEGY
COMPUTATIONAL MESOMECHANICS
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OPEN-HOLE TENSION

[45/0/-45/90/(-452/452)2]s

5m
m

Digital Image Correlation

X-Ray Tomography

MULTISCALE SIMULATION STRATEGY
COMPUTATIONAL MESOMECHANICS
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OPEN-HOLE COMPRESSION

[45/0/-45/90]2s

Experiments

FEM

MULTISCALE SIMULATION STRATEGY
COMPUTATIONAL MESOMECHANICS
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Laminate
Test strength

(MPa)
Predicted strength

(MPa)
Error
(%)

In-Plane Shear 97.5 94 -3.6

Plain Tension - QI 663 673 1.5

Plain Compression – QI 540 570 5.6

Plain Tension - [50/40/10] 1076 1040 -3.3

Plain Compression - [50/40/10]  831 757 -8.9

Plain Tension – [10/80/10] 436 458 4.9

Plain Compression – [10/80/10] 391 404 3.4

Plain Tension - [30/40/30] 761 770 1.1

Plain Compression – [30/40/30] 540 603 11.5

Open-Hole Tension - QI 371 401 7.9

Open-Hole Compression - QI 304 306 0.6

Open-Hole Tension - [30/40/30] 446 402 -9.8

Open-Hole Compression - [30/40/30] 311 299 -3.9

Stiff

Medium - shear dominated

Soft

Soft

AS4/8552

MULTISCALE SIMULATION STRATEGY
COMPUTATIONAL MESOMECHANICS
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Towards AI assisted virtual testing of composites
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Digital twin

Close to the actual failure mechanisms
Influence of microstructure and constituents properties
Influence of the lay-up, stacking sequence, etc.

Micromechanical & Mesomechanical modelling

advantages

Time consuming
Requires expertise on modelling

disadvantages

Strain history Stress results

Forward Mechanical Problem
Micro & Mesomechanics
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<latexit sha1_base64="5Z4hFhLxTdvM1hkJ0ACeWCSl2HQ=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokItVlwY3LCrYW2lAm05tm6EwSZiZCCX0EXYm684V8Ad/GSc1CW8/qm3vOwD03SAXXxnW/nMra+sbmVnW7trO7t39QPzzq6SRTDLssEYnqB1Sj4DF2DTcC+6lCKgOBD8H0pvAfHlFpnsT3ZpaiL+kk5iFn1BQj0hl5o3rDbboLkVXwSmhAqc6o/jkcJyyTGBsmqNYDz02Nn1NlOBM4rw0zjSllUzrBgcWYStR+vth1Ts7CRBETIVm8f2dzKrWeycBmJDWRXvaK4X/eIDPhtZ/zOM0MxsxGrBdmgpiEFJXJmCtkRswsUKa43ZKwiCrKjD1Mzdb3lsuuQu+i6bWa7t1lo90qD1GFEziFc/DgCtpwCx3oAoMInuEN3p2J8+S8OK8/0YpT/jmGP3I+vgEUUIsw</latexit>

P1

<latexit sha1_base64="BHVGUoEj+KVstlQoyNXfH53UIn0=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJkeqy4MZlBXuBNpTJ9KQZOrkwMxFK6CPoStSdL+QL+DZOYhba+q++Of8/cP7jJYIrbdtfVmVjc2t7p7pb29s/ODyqH5/0VZxKhj0Wi1gOPapQ8Ah7mmuBw0QiDT2BA29+m/uDR5SKx9GDXiTohnQWcZ8zqvMR6U5ak3rDbtqFyDo4JTSgVHdS/xxPY5aGGGkmqFIjx060m1GpORO4rI1ThQllczrDkcGIhqjcrNh1SS78WBIdICnev7MZDZVahJ7JhFQHatXLh/95o1T7N27GoyTVGDETMZ6fCqJjklcmUy6RabEwQJnkZkvCAiop0+YwNVPfWS27Dv1W02k37furRqddHqIKZ3AOl+DANXTgDrrQAwYBPMMbvFsz68l6sV5/ohWr/HMKf2R9fAMVzosx</latexit>

P2

<latexit sha1_base64="aJp8oBs082NdSYv7iziUYrKIE6s=">AAAB5XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJSnVZcOOygr1AG8pketIMnVyYmQgl9BF0JerOF/IFfBsnNQtt/VffnP8fOP/xU8GVdpwvq7K2vrG5Vd2u7ezu7R/Yh0ddlWSSYYclIpF9nyoUPMaO5lpgP5VII19gz5/eFn7vEaXiSfygZyl6EZ3EPOCM6mJE2qPLkV13Gs5CZBXcEupQqj2yP4fjhGURxpoJqtTAdVLt5VRqzgTOa8NMYUrZlE5wYDCmESovX+w6J2dBIokOkSzev7M5jZSaRb7JRFSHatkrhv95g0wHN17O4zTTGDMTMV6QCaITUlQmYy6RaTEzQJnkZkvCQiop0+YwNVPfXS67Ct2LhttsOPdX9VazPEQVTuAUzsGFa2jBHbShAwxCeIY3eLcm1pP1Yr3+RCtW+ecY/sj6+AYXTIsy</latexit>

P3

<latexit sha1_base64="x2bAaALoynZ0LYrnGgfhGpULVGo=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJlOqy4MZlBXuBNpTJ9KQZOrkwMxFK6CPoStSdL+QL+DZOYhba+q++Of8/cP7jJYIrbdtfVmVjc2t7p7pb29s/ODyqH5/0VZxKhj0Wi1gOPapQ8Ah7mmuBw0QiDT2BA29+m/uDR5SKx9GDXiTohnQWcZ8zqvMR6U5ak3rDbtqFyDo4JTSgVHdS/xxPY5aGGGkmqFIjx060m1GpORO4rI1ThQllczrDkcGIhqjcrNh1SS78WBIdICnev7MZDZVahJ7JhFQHatXLh/95o1T7N27GoyTVGDETMZ6fCqJjklcmUy6RabEwQJnkZkvCAiop0+YwNVPfWS27Dv2rptNu2vetRqddHqIKZ3AOl+DANXTgDrrQAwYBPMMbvFsz68l6sV5/ohWr/HMKf2R9fAMYyosz</latexit>

P4

<latexit sha1_base64="zbsAOO28TE/CWvPYyhTby0SfgzA=">AAAB5XicbZDNSgMxFIXv1L9a/6ou3QSL4KpkRKrLghuXFWwttEPJpHc6oZkfkoxQhj6CrkTd+UK+gG9jps5CW8/qyz0ncM/1Uym0ofTLqaytb2xuVbdrO7t7+wf1w6OeTjLFscsTmai+zzRKEWPXCCOxnypkkS/xwZ/eFP7DIyotkvjezFL0IjaJRSA4M8WIdEZ0VG/QJl2IrIJbQgNKdUb1z+E44VmEseGSaT1waWq8nCkjuMR5bZhpTBmfsgkOLMYsQu3li13n5CxIFDEhksX7dzZnkdazyLeZiJlQL3vF8D9vkJng2stFnGYGY24j1gsySUxCispkLBRyI2cWGFfCbkl4yBTjxh6mZuu7y2VXoXfRdFtNenfZaLfKQ1ThBE7hHFy4gjbcQge6wCGEZ3iDd2fiPDkvzutPtOKUf47hj5yPbxLSiy8=</latexit>

P0

<latexit sha1_base64="5Z4hFhLxTdvM1hkJ0ACeWCSl2HQ=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokItVlwY3LCrYW2lAm05tm6EwSZiZCCX0EXYm684V8Ad/GSc1CW8/qm3vOwD03SAXXxnW/nMra+sbmVnW7trO7t39QPzzq6SRTDLssEYnqB1Sj4DF2DTcC+6lCKgOBD8H0pvAfHlFpnsT3ZpaiL+kk5iFn1BQj0hl5o3rDbboLkVXwSmhAqc6o/jkcJyyTGBsmqNYDz02Nn1NlOBM4rw0zjSllUzrBgcWYStR+vth1Ts7CRBETIVm8f2dzKrWeycBmJDWRXvaK4X/eIDPhtZ/zOM0MxsxGrBdmgpiEFJXJmCtkRswsUKa43ZKwiCrKjD1Mzdb3lsuuQu+i6bWa7t1lo90qD1GFEziFc/DgCtpwCx3oAoMInuEN3p2J8+S8OK8/0YpT/jmGP3I+vgEUUIsw</latexit>

P1

<latexit sha1_base64="BHVGUoEj+KVstlQoyNXfH53UIn0=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJkeqy4MZlBXuBNpTJ9KQZOrkwMxFK6CPoStSdL+QL+DZOYhba+q++Of8/cP7jJYIrbdtfVmVjc2t7p7pb29s/ODyqH5/0VZxKhj0Wi1gOPapQ8Ah7mmuBw0QiDT2BA29+m/uDR5SKx9GDXiTohnQWcZ8zqvMR6U5ak3rDbtqFyDo4JTSgVHdS/xxPY5aGGGkmqFIjx060m1GpORO4rI1ThQllczrDkcGIhqjcrNh1SS78WBIdICnev7MZDZVahJ7JhFQHatXLh/95o1T7N27GoyTVGDETMZ6fCqJjklcmUy6RabEwQJnkZkvCAiop0+YwNVPfWS27Dv1W02k37furRqddHqIKZ3AOl+DANXTgDrrQAwYBPMMbvFsz68l6sV5/ohWr/HMKf2R9fAMVzosx</latexit>

P2

<latexit sha1_base64="aJp8oBs082NdSYv7iziUYrKIE6s=">AAAB5XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJSnVZcOOygr1AG8pketIMnVyYmQgl9BF0JerOF/IFfBsnNQtt/VffnP8fOP/xU8GVdpwvq7K2vrG5Vd2u7ezu7R/Yh0ddlWSSYYclIpF9nyoUPMaO5lpgP5VII19gz5/eFn7vEaXiSfygZyl6EZ3EPOCM6mJE2qPLkV13Gs5CZBXcEupQqj2yP4fjhGURxpoJqtTAdVLt5VRqzgTOa8NMYUrZlE5wYDCmESovX+w6J2dBIokOkSzev7M5jZSaRb7JRFSHatkrhv95g0wHN17O4zTTGDMTMV6QCaITUlQmYy6RaTEzQJnkZkvCQiop0+YwNVPfXS67Ct2LhttsOPdX9VazPEQVTuAUzsGFa2jBHbShAwxCeIY3eLcm1pP1Yr3+RCtW+ecY/sj6+AYXTIsy</latexit>

P3

<latexit sha1_base64="x2bAaALoynZ0LYrnGgfhGpULVGo=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJlOqy4MZlBXuBNpTJ9KQZOrkwMxFK6CPoStSdL+QL+DZOYhba+q++Of8/cP7jJYIrbdtfVmVjc2t7p7pb29s/ODyqH5/0VZxKhj0Wi1gOPapQ8Ah7mmuBw0QiDT2BA29+m/uDR5SKx9GDXiTohnQWcZ8zqvMR6U5ak3rDbtqFyDo4JTSgVHdS/xxPY5aGGGkmqFIjx060m1GpORO4rI1ThQllczrDkcGIhqjcrNh1SS78WBIdICnev7MZDZVahJ7JhFQHatXLh/95o1T7N27GoyTVGDETMZ6fCqJjklcmUy6RabEwQJnkZkvCAiop0+YwNVPfWS27Dv2rptNu2vetRqddHqIKZ3AOl+DANXTgDrrQAwYBPMMbvFsz68l6sV5/ohWr/HMKf2R9fAMYyosz</latexit>

P4

Some similar work … for manufacturing



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 101007022.

TRAINING THE NETWORK
• 2000 OpenFoam simulations as data-sets 
• Deep Residual Learning for Image Recognition ResNet*
• Classification optimization based on CE loss (cross-entropy)
• Regression optimization based on MSE loss (mean square error)

<latexit sha1_base64="BuvtUZdVkEv+uInAWF8j5fYxhps=">AAAB/HicbVDLSsNAFJ34rPUVdSVugkVwVZJWVHBTqAuXFewDmlAm09t26OTBzE2xhOrP6ErUnV/hD/g3TmsW2npW595zLjPn+LHgCm37y1haXlldW89t5De3tnd2zb39hooSyaDOIhHJlk8VCB5CHTkKaMUSaOALaPrD6lRvjkAqHoV3OI7BC2g/5D3OKOpVxzx0Ee4RMa1G4ah0PXGvyi7yAFS5Yxbsoj2DtUicjBRIhlrH/HS7EUsCCJEJqlTbsWP0UiqRMwGTvJsoiCkb0j60NQ2pfsVLZxEm1kkvkhYOwJrNv70pDZQaB772BBQHal6bLv/T2gn2Lr2Uh3GCEDJt0VovERZG1rQJq8slMBRjTSiTXP/SYgMqKUPdV17Hd+bDLpJGqeicF+3bs0KllBWRI0fkmJwSh1yQCrkhNVInjDySZ/JG3o0H48l4MV5/rEtGdnNA/sD4+AbFnZS3</latexit> C
o
n
v
2
D
3
⇥

3
<latexit sha1_base64="dSR6ZFQrXhUC7U84931qA+n3dCI=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiuCozRdRl0Y0rqWB/oB1KJr3ThmYmQ3JHLEPfQlei7nwaX8C3Ma2z0Naz+nLPCdxzg0QKg6775RRWVtfWN4qbpa3tnd298v5By6hUc2hyJZXuBMyAFDE0UaCETqKBRYGEdjC+nvntB9BGqPgeJwn4ERvGIhScoR11ewiPiJhd3U775Ypbdeeiy+DlUCG5Gv3yZ2+geBpBjFwyY7qem6CfMY2CS5iWeqmBhPExG0LXYswiMH42X3lKT0KlKY6Azt+/sxmLjJlEgc1EDEdm0ZsN//O6KYaXfibiJEWIuY1YL0wlRUVnzelAaOAoJxYY18JuSfmIacbR3qdk63uLZZehVat651X37qxSr+WHKJIjckxOiUcuSJ3ckAZpEk4UeSZv5N2JnSfnxXn9iRac/M8h+SPn4xt+Bo8D</latexit> B
N

<latexit sha1_base64="rX/sllMwYNK5tW2NxL0zszxlWtk=">AAAB7nicbZC7TsNAEEXHPEN4BShpLCIkqsiOEFBGoqGgCIg8pMSK1ptxssr6we4YEVn5DagQ0PEx/AB/wya4gIRbnZ17V5o7fiKFJsf5spaWV1bX1gsbxc2t7Z3d0t5+U8ep4tjgsYxV22capYiwQYIkthOFLPQltvzR5dRvPaDSIo7uaJygF7JBJALBGZmR1yV8JKLsFq8bk16p7FScmexFcHMoQ656r/TZ7cc8DTEiLpnWHddJyMuYIsElTordVGPC+IgNsGMwYiFqL5stPbGPg1jZNER79v6dzVio9Tj0TSZkNNTz3nT4n9dJKbjwMhElKWHETcR4QSptiu1pd7svFHKSYwOMK2G2tPmQKcbJXKho6rvzZRehWa24ZxXn5rRcq+aHKMAhHMEJuHAONbiCOjSAwz08wxu8W4n1ZL1Yrz/RJSv/cwB/ZH18A/wFj98=</latexit>

R
e
L
U

<latexit sha1_base64="BuvtUZdVkEv+uInAWF8j5fYxhps=">AAAB/HicbVDLSsNAFJ34rPUVdSVugkVwVZJWVHBTqAuXFewDmlAm09t26OTBzE2xhOrP6ErUnV/hD/g3TmsW2npW595zLjPn+LHgCm37y1haXlldW89t5De3tnd2zb39hooSyaDOIhHJlk8VCB5CHTkKaMUSaOALaPrD6lRvjkAqHoV3OI7BC2g/5D3OKOpVxzx0Ee4RMa1G4ah0PXGvyi7yAFS5Yxbsoj2DtUicjBRIhlrH/HS7EUsCCJEJqlTbsWP0UiqRMwGTvJsoiCkb0j60NQ2pfsVLZxEm1kkvkhYOwJrNv70pDZQaB772BBQHal6bLv/T2gn2Lr2Uh3GCEDJt0VovERZG1rQJq8slMBRjTSiTXP/SYgMqKUPdV17Hd+bDLpJGqeicF+3bs0KllBWRI0fkmJwSh1yQCrkhNVInjDySZ/JG3o0H48l4MV5/rEtGdnNA/sD4+AbFnZS3</latexit> C
o
n
v
2
D
3
⇥

3
<latexit sha1_base64="dSR6ZFQrXhUC7U84931qA+n3dCI=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiuCozRdRl0Y0rqWB/oB1KJr3ThmYmQ3JHLEPfQlei7nwaX8C3Ma2z0Naz+nLPCdxzg0QKg6775RRWVtfWN4qbpa3tnd298v5By6hUc2hyJZXuBMyAFDE0UaCETqKBRYGEdjC+nvntB9BGqPgeJwn4ERvGIhScoR11ewiPiJhd3U775Ypbdeeiy+DlUCG5Gv3yZ2+geBpBjFwyY7qem6CfMY2CS5iWeqmBhPExG0LXYswiMH42X3lKT0KlKY6Azt+/sxmLjJlEgc1EDEdm0ZsN//O6KYaXfibiJEWIuY1YL0wlRUVnzelAaOAoJxYY18JuSfmIacbR3qdk63uLZZehVat651X37qxSr+WHKJIjckxOiUcuSJ3ckAZpEk4UeSZv5N2JnSfnxXn9iRac/M8h+SPn4xt+Bo8D</latexit> B
N

<latexit sha1_base64="rX/sllMwYNK5tW2NxL0zszxlWtk=">AAAB7nicbZC7TsNAEEXHPEN4BShpLCIkqsiOEFBGoqGgCIg8pMSK1ptxssr6we4YEVn5DagQ0PEx/AB/wya4gIRbnZ17V5o7fiKFJsf5spaWV1bX1gsbxc2t7Z3d0t5+U8ep4tjgsYxV22capYiwQYIkthOFLPQltvzR5dRvPaDSIo7uaJygF7JBJALBGZmR1yV8JKLsFq8bk16p7FScmexFcHMoQ656r/TZ7cc8DTEiLpnWHddJyMuYIsElTordVGPC+IgNsGMwYiFqL5stPbGPg1jZNER79v6dzVio9Tj0TSZkNNTz3nT4n9dJKbjwMhElKWHETcR4QSptiu1pd7svFHKSYwOMK2G2tPmQKcbJXKho6rvzZRehWa24ZxXn5rRcq+aHKMAhHMEJuHAONbiCOjSAwz08wxu8W4n1ZL1Yrz/RJSv/cwB/ZH18A/wFj98=</latexit>
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e
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U

<latexit sha1_base64="+S/mm6cXdsUQOyQ7ZWY9XsZ4wIQ=">AAAB53icbZDNSsNAFIVv6l+tf1WXbgaL4KokRdRlwY3LCvYH2lAm05t27CQTZiZCCH0GXYm68318Ad/Gac1CW8/qm3vOwD03SATXxnW/nNLa+sbmVnm7srO7t39QPTzqaJkqhm0mhVS9gGoUPMa24UZgL1FIo0BgN5jezP3uIyrNZXxvsgT9iI5jHnJGjR11BjIRqR5Wa27dXYisgldADQq1htXPwUiyNMLYMEG17ntuYvycKsOZwFllkGpMKJvSMfYtxjRC7eeLbWfkLJSKmAmSxft3NqeR1lkU2ExEzUQve/Phf14/NeG1n/M4SQ3GzEasF6aCGEnmpcmIK2RGZBYoU9xuSdiEKsqMPU3F1veWy65Cp1H3Luvu3UWt2SgOUYYTOIVz8OAKmnALLWgDgwd4hjd4d7jz5Lw4rz/RklP8OYY/cj6+AbUsjM8=</latexit> �

<latexit sha1_base64="oNR/zTluIqcfbqZteyCjb0a7dZQ=">AAAB9HicbZDNTsJAFIWn/iL+FV26aSQmrkhLjJq4IbpxiYn8JLQh0+ECE6adZuYWJQ1voiuj7nwSX8C3ccAuFDyrb+45k9x7wkRwja77Za2srq1vbBa2its7u3v7dumgqWWqGDSYFFK1Q6pB8BgayFFAO1FAo1BAKxzdzPzWGJTmMr7HSQJBRAcx73NG0Yy6dslHeETE7FpINvKvvGnXLrsVdy5nGbwcyiRXvWt/+j3J0ghiZIJq3fHcBIOMKuRMwLTopxoSykZ0AB2DMY1AB9l89alz0pfKwSE48/fvbEYjrSdRaDIRxaFe9GbD/7xOiv3LIONxkiLEzESM10+Fg9KZNeD0uAKGYmKAMsXNlg4bUkUZmp6K5nxv8dhlaFYr3nnFvTsr16p5EQVyRI7JKfHIBamRW1InDcLIA3kmb+TdGltP1ov1+hNdsfI/h+SPrI9vJMiRkw==</latexit>

Block 1
<latexit sha1_base64="ncFuENoIoaKi19fyQDjFQQob/qc=">AAAB+HicbVBLS8NAGNzUV62vqHjyEiyCp5IUUcFLwYvHCvYBTSib7Zd26T7C7kaoof9FT6Le/B3+Af+N25qDts5pdmYWvpk4ZVQb3/9ySiura+sb5c3K1vbO7p67f9DWMlMEWkQyqbox1sCogJahhkE3VYB5zKATj29mfucBlKZS3JtJChHHQ0ETSrCxUt89ChXP9Zim4TWRQgCZydO+W/Vr/hzeMgkKUkUFmn33MxxIknEQhjCsdS/wUxPlWBlKGEwrYaYhxWSMh9CzVGAOOsrn50+900Qqz4zAm79/Z3PMtZ7w2GY4NiO96M3E/7xeZpKrKKcizQwIYiPWSzLmGenNVvAGVNmqbGIJJoraKz0ywgoTY7eq2PrBYtll0q7Xgouaf3debdSLIcroGJ2gMxSgS9RAt6iJWoigHD2jN/TuPDpPzovz+hMtOcWfQ/QHzsc3zqiTuA==</latexit>

skip connection

<latexit sha1_base64="BuvtUZdVkEv+uInAWF8j5fYxhps=">AAAB/HicbVDLSsNAFJ34rPUVdSVugkVwVZJWVHBTqAuXFewDmlAm09t26OTBzE2xhOrP6ErUnV/hD/g3TmsW2npW595zLjPn+LHgCm37y1haXlldW89t5De3tnd2zb39hooSyaDOIhHJlk8VCB5CHTkKaMUSaOALaPrD6lRvjkAqHoV3OI7BC2g/5D3OKOpVxzx0Ee4RMa1G4ah0PXGvyi7yAFS5Yxbsoj2DtUicjBRIhlrH/HS7EUsCCJEJqlTbsWP0UiqRMwGTvJsoiCkb0j60NQ2pfsVLZxEm1kkvkhYOwJrNv70pDZQaB772BBQHal6bLv/T2gn2Lr2Uh3GCEDJt0VovERZG1rQJq8slMBRjTSiTXP/SYgMqKUPdV17Hd+bDLpJGqeicF+3bs0KllBWRI0fkmJwSh1yQCrkhNVInjDySZ/JG3o0H48l4MV5/rEtGdnNA/sD4+AbFnZS3</latexit> C
o
n
v
2
D
3
⇥

3
<latexit sha1_base64="dSR6ZFQrXhUC7U84931qA+n3dCI=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiuCozRdRl0Y0rqWB/oB1KJr3ThmYmQ3JHLEPfQlei7nwaX8C3Ma2z0Naz+nLPCdxzg0QKg6775RRWVtfWN4qbpa3tnd298v5By6hUc2hyJZXuBMyAFDE0UaCETqKBRYGEdjC+nvntB9BGqPgeJwn4ERvGIhScoR11ewiPiJhd3U775Ypbdeeiy+DlUCG5Gv3yZ2+geBpBjFwyY7qem6CfMY2CS5iWeqmBhPExG0LXYswiMH42X3lKT0KlKY6Azt+/sxmLjJlEgc1EDEdm0ZsN//O6KYaXfibiJEWIuY1YL0wlRUVnzelAaOAoJxYY18JuSfmIacbR3qdk63uLZZehVat651X37qxSr+WHKJIjckxOiUcuSJ3ckAZpEk4UeSZv5N2JnSfnxXn9iRac/M8h+SPn4xt+Bo8D</latexit> B
N

<latexit sha1_base64="rX/sllMwYNK5tW2NxL0zszxlWtk=">AAAB7nicbZC7TsNAEEXHPEN4BShpLCIkqsiOEFBGoqGgCIg8pMSK1ptxssr6we4YEVn5DagQ0PEx/AB/wya4gIRbnZ17V5o7fiKFJsf5spaWV1bX1gsbxc2t7Z3d0t5+U8ep4tjgsYxV22capYiwQYIkthOFLPQltvzR5dRvPaDSIo7uaJygF7JBJALBGZmR1yV8JKLsFq8bk16p7FScmexFcHMoQ656r/TZ7cc8DTEiLpnWHddJyMuYIsElTordVGPC+IgNsGMwYiFqL5stPbGPg1jZNER79v6dzVio9Tj0TSZkNNTz3nT4n9dJKbjwMhElKWHETcR4QSptiu1pd7svFHKSYwOMK2G2tPmQKcbJXKho6rvzZRehWa24ZxXn5rRcq+aHKMAhHMEJuHAONbiCOjSAwz08wxu8W4n1ZL1Yrz/RJSv/cwB/ZH18A/wFj98=</latexit>
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U

<latexit sha1_base64="BuvtUZdVkEv+uInAWF8j5fYxhps=">AAAB/HicbVDLSsNAFJ34rPUVdSVugkVwVZJWVHBTqAuXFewDmlAm09t26OTBzE2xhOrP6ErUnV/hD/g3TmsW2npW595zLjPn+LHgCm37y1haXlldW89t5De3tnd2zb39hooSyaDOIhHJlk8VCB5CHTkKaMUSaOALaPrD6lRvjkAqHoV3OI7BC2g/5D3OKOpVxzx0Ee4RMa1G4ah0PXGvyi7yAFS5Yxbsoj2DtUicjBRIhlrH/HS7EUsCCJEJqlTbsWP0UiqRMwGTvJsoiCkb0j60NQ2pfsVLZxEm1kkvkhYOwJrNv70pDZQaB772BBQHal6bLv/T2gn2Lr2Uh3GCEDJt0VovERZG1rQJq8slMBRjTSiTXP/SYgMqKUPdV17Hd+bDLpJGqeicF+3bs0KllBWRI0fkmJwSh1yQCrkhNVInjDySZ/JG3o0H48l4MV5/rEtGdnNA/sD4+AbFnZS3</latexit> C
o
n
v
2
D
3
⇥

3
<latexit sha1_base64="dSR6ZFQrXhUC7U84931qA+n3dCI=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiuCozRdRl0Y0rqWB/oB1KJr3ThmYmQ3JHLEPfQlei7nwaX8C3Ma2z0Naz+nLPCdxzg0QKg6775RRWVtfWN4qbpa3tnd298v5By6hUc2hyJZXuBMyAFDE0UaCETqKBRYGEdjC+nvntB9BGqPgeJwn4ERvGIhScoR11ewiPiJhd3U775Ypbdeeiy+DlUCG5Gv3yZ2+geBpBjFwyY7qem6CfMY2CS5iWeqmBhPExG0LXYswiMH42X3lKT0KlKY6Azt+/sxmLjJlEgc1EDEdm0ZsN//O6KYaXfibiJEWIuY1YL0wlRUVnzelAaOAoJxYY18JuSfmIacbR3qdk63uLZZehVat651X37qxSr+WHKJIjckxOiUcuSJ3ckAZpEk4UeSZv5N2JnSfnxXn9iRac/M8h+SPn4xt+Bo8D</latexit> B
N

<latexit sha1_base64="rX/sllMwYNK5tW2NxL0zszxlWtk=">AAAB7nicbZC7TsNAEEXHPEN4BShpLCIkqsiOEFBGoqGgCIg8pMSK1ptxssr6we4YEVn5DagQ0PEx/AB/wya4gIRbnZ17V5o7fiKFJsf5spaWV1bX1gsbxc2t7Z3d0t5+U8ep4tjgsYxV22capYiwQYIkthOFLPQltvzR5dRvPaDSIo7uaJygF7JBJALBGZmR1yV8JKLsFq8bk16p7FScmexFcHMoQ656r/TZ7cc8DTEiLpnWHddJyMuYIsElTordVGPC+IgNsGMwYiFqL5stPbGPg1jZNER79v6dzVio9Tj0TSZkNNTz3nT4n9dJKbjwMhElKWHETcR4QSptiu1pd7svFHKSYwOMK2G2tPmQKcbJXKho6rvzZRehWa24ZxXn5rRcq+aHKMAhHMEJuHAONbiCOjSAwz08wxu8W4n1ZL1Yrz/RJSv/cwB/ZH18A/wFj98=</latexit>

R
e
L
U

<latexit sha1_base64="+S/mm6cXdsUQOyQ7ZWY9XsZ4wIQ=">AAAB53icbZDNSsNAFIVv6l+tf1WXbgaL4KokRdRlwY3LCvYH2lAm05t27CQTZiZCCH0GXYm68318Ad/Gac1CW8/qm3vOwD03SATXxnW/nNLa+sbmVnm7srO7t39QPTzqaJkqhm0mhVS9gGoUPMa24UZgL1FIo0BgN5jezP3uIyrNZXxvsgT9iI5jHnJGjR11BjIRqR5Wa27dXYisgldADQq1htXPwUiyNMLYMEG17ntuYvycKsOZwFllkGpMKJvSMfYtxjRC7eeLbWfkLJSKmAmSxft3NqeR1lkU2ExEzUQve/Phf14/NeG1n/M4SQ3GzEasF6aCGEnmpcmIK2RGZBYoU9xuSdiEKsqMPU3F1veWy65Cp1H3Luvu3UWt2SgOUYYTOIVz8OAKmnALLWgDgwd4hjd4d7jz5Lw4rz/RklP8OYY/cj6+AbUsjM8=</latexit> �

<latexit sha1_base64="ncFuENoIoaKi19fyQDjFQQob/qc=">AAAB+HicbVBLS8NAGNzUV62vqHjyEiyCp5IUUcFLwYvHCvYBTSib7Zd26T7C7kaoof9FT6Le/B3+Af+N25qDts5pdmYWvpk4ZVQb3/9ySiura+sb5c3K1vbO7p67f9DWMlMEWkQyqbox1sCogJahhkE3VYB5zKATj29mfucBlKZS3JtJChHHQ0ETSrCxUt89ChXP9Zim4TWRQgCZydO+W/Vr/hzeMgkKUkUFmn33MxxIknEQhjCsdS/wUxPlWBlKGEwrYaYhxWSMh9CzVGAOOsrn50+900Qqz4zAm79/Z3PMtZ7w2GY4NiO96M3E/7xeZpKrKKcizQwIYiPWSzLmGenNVvAGVNmqbGIJJoraKz0ywgoTY7eq2PrBYtll0q7Xgouaf3debdSLIcroGJ2gMxSgS9RAt6iJWoigHD2jN/TuPDpPzovz+hMtOcWfQ/QHzsc3zqiTuA==</latexit>

skip connection

<latexit sha1_base64="G5+qT3jNIAHUPDDgVJit/ZRI+jY=">AAAB9HicbZDNTsJAFIWn/iL+FV26aSQmrkhLjJq4IbpxiYn8JLQh0+ECE6adZuYWJQ1voiuj7nwSX8C3ccAuFDyrb+45k9x7wkRwja77Za2srq1vbBa2its7u3v7dumgqWWqGDSYFFK1Q6pB8BgayFFAO1FAo1BAKxzdzPzWGJTmMr7HSQJBRAcx73NG0Yy6dslHeETE7FpINvKvqtOuXXYr7lzOMng5lEmuetf+9HuSpRHEyATVuuO5CQYZVciZgGnRTzUklI3oADoGYxqBDrL56lPnpC+Vg0Nw5u/f2YxGWk+i0GQiikO96M2G/3mdFPuXQcbjJEWImYkYr58KB6Uza8DpcQUMxcQAZYqbLR02pIoyND0Vzfne4rHL0KxWvPOKe3dWrlXzIgrkiByTU+KRC1Ijt6ROGoSRB/JM3si7NbaerBfr9Se6YuV/DskfWR/fJkeRlA==</latexit>

Block 2

<latexit sha1_base64="BuvtUZdVkEv+uInAWF8j5fYxhps=">AAAB/HicbVDLSsNAFJ34rPUVdSVugkVwVZJWVHBTqAuXFewDmlAm09t26OTBzE2xhOrP6ErUnV/hD/g3TmsW2npW595zLjPn+LHgCm37y1haXlldW89t5De3tnd2zb39hooSyaDOIhHJlk8VCB5CHTkKaMUSaOALaPrD6lRvjkAqHoV3OI7BC2g/5D3OKOpVxzx0Ee4RMa1G4ah0PXGvyi7yAFS5Yxbsoj2DtUicjBRIhlrH/HS7EUsCCJEJqlTbsWP0UiqRMwGTvJsoiCkb0j60NQ2pfsVLZxEm1kkvkhYOwJrNv70pDZQaB772BBQHal6bLv/T2gn2Lr2Uh3GCEDJt0VovERZG1rQJq8slMBRjTSiTXP/SYgMqKUPdV17Hd+bDLpJGqeicF+3bs0KllBWRI0fkmJwSh1yQCrkhNVInjDySZ/JG3o0H48l4MV5/rEtGdnNA/sD4+AbFnZS3</latexit> C
o
n
v
2
D
3
⇥

3
<latexit sha1_base64="dSR6ZFQrXhUC7U84931qA+n3dCI=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiuCozRdRl0Y0rqWB/oB1KJr3ThmYmQ3JHLEPfQlei7nwaX8C3Ma2z0Naz+nLPCdxzg0QKg6775RRWVtfWN4qbpa3tnd298v5By6hUc2hyJZXuBMyAFDE0UaCETqKBRYGEdjC+nvntB9BGqPgeJwn4ERvGIhScoR11ewiPiJhd3U775Ypbdeeiy+DlUCG5Gv3yZ2+geBpBjFwyY7qem6CfMY2CS5iWeqmBhPExG0LXYswiMH42X3lKT0KlKY6Azt+/sxmLjJlEgc1EDEdm0ZsN//O6KYaXfibiJEWIuY1YL0wlRUVnzelAaOAoJxYY18JuSfmIacbR3qdk63uLZZehVat651X37qxSr+WHKJIjckxOiUcuSJ3ckAZpEk4UeSZv5N2JnSfnxXn9iRac/M8h+SPn4xt+Bo8D</latexit> B
N

<latexit sha1_base64="rX/sllMwYNK5tW2NxL0zszxlWtk=">AAAB7nicbZC7TsNAEEXHPEN4BShpLCIkqsiOEFBGoqGgCIg8pMSK1ptxssr6we4YEVn5DagQ0PEx/AB/wya4gIRbnZ17V5o7fiKFJsf5spaWV1bX1gsbxc2t7Z3d0t5+U8ep4tjgsYxV22capYiwQYIkthOFLPQltvzR5dRvPaDSIo7uaJygF7JBJALBGZmR1yV8JKLsFq8bk16p7FScmexFcHMoQ656r/TZ7cc8DTEiLpnWHddJyMuYIsElTordVGPC+IgNsGMwYiFqL5stPbGPg1jZNER79v6dzVio9Tj0TSZkNNTz3nT4n9dJKbjwMhElKWHETcR4QSptiu1pd7svFHKSYwOMK2G2tPmQKcbJXKho6rvzZRehWa24ZxXn5rRcq+aHKMAhHMEJuHAONbiCOjSAwz08wxu8W4n1ZL1Yrz/RJSv/cwB/ZH18A/wFj98=</latexit>

R
e
L
U

<latexit sha1_base64="ozQ+oQawNjMq2hIC8MlswKEIX6w=">AAAB7HicbZDNSsNAFIUn/tb6V3XpZrAIrkpSRF0W3LgRKtgfSEOZTG/aoZNJmLkRS+hb6ErUnU/jC/g2TmsW2npW39xzBu65YSqFQdf9clZW19Y3Nktb5e2d3b39ysFh2ySZ5tDiiUx0N2QGpFDQQoESuqkGFocSOuH4euZ3HkAbkah7nKQQxGyoRCQ4QzvyewiPiJjfNqf9StWtuXPRZfAKqJJCzX7lszdIeBaDQi6ZMb7nphjkTKPgEqblXmYgZXzMhuBbVCwGE+Tzlaf0NEo0xRHQ+ft3NmexMZM4tJmY4cgserPhf56fYXQV5EKlGYLiNmK9KJMUEzprTgdCA0c5scC4FnZLykdMM472PmVb31ssuwztes27qLl359VGvThEiRyTE3JGPHJJGuSGNEmLcJKQZ/JG3h3lPDkvzutPdMUp/hyRP3I+vgGRhI8Q</latexit>

M
P

<latexit sha1_base64="+z6Zn5qNB7RwbwvvM4mDQCNZhZ8=">AAAB7HicbZC9TsMwFIUdfkv5KzCyWFRITFVSIWAsYmEsEv2R0qhy3JvWquNE9g2iivoWMCFg42l4Ad4Gt2SAljN9vudYuueGqRQGXffLWVldW9/YLG2Vt3d29/YrB4dtk2SaQ4snMtHdkBmQQkELBUrophpYHErohOObmd95AG1Eou5xkkIQs6ESkeAM7cjvITwiYn7dnPYrVbfmzkWXwSugSgo1+5XP3iDhWQwKuWTG+J6bYpAzjYJLmJZ7mYGU8TEbgm9RsRhMkM9XntLTKNEUR0Dn79/ZnMXGTOLQZmKGI7PozYb/eX6G0VWQC5VmCIrbiPWiTFJM6Kw5HQgNHOXEAuNa2C0pHzHNONr7lG19b7HsMrTrNe+i5t6dVxv14hAlckxOyBnxyCVpkFvSJC3CSUKeyRt5d5Tz5Lw4rz/RFaf4c0T+yPn4Bn+EjwQ=</latexit> A
P

<latexit sha1_base64="ndI9e1B6nG3jb+8y8Q7GRcnCtno=">AAACCXicbVDLSgNBEJz1GeMr6tHLYFD0YJgNooKXgCAeI5gHJCHMTjpmcHZ2mekVlyVfoD+jJ1FvXv0B/8ZJzMFXnaq7qqGrglhJi4x9eFPTM7Nz87mF/OLS8spqYW29bqPECKiJSEWmGXALSmqooUQFzdgADwMFjeD6dKQ3bsBYGelLTGPohPxKy74UHN2qW9hpI9wiYnaWKJXui0hrEAi99oniKRi66zPG9obdQpGV2Bj0L/EnpEgmqHYL7+1eJJIQNArFrW35LMZOxg1KoWCYbycWYi6u+RW0HNU8BNvJxnmGdLsfGYoDoOP5uzfjobVpGDhPyHFgf2uj5X9aK8H+cSeTOk4QtHAWp/UTRTGio1poTxqXW6WOcGGk+5KKATfcdWFs3sX3f4f9S+rlkn9YYhcHxUp5UkSObJItskt8ckQq5JxUSY0Ick8eyQt59e68B+/Je/6yTnmTmw3yA97bJ7L5mYQ=</latexit> F
u
l
l
y
-
c
o
n
n
e
c
t
e
d
l
a
y
e
r
(
1
0
0
0
)

<latexit sha1_base64="0epsOYbr7rGCoIfR3qgaSS0vsMQ=">AAAB/HicbVDLSgMxFM3UV62vUVfiJlgEN5aZIiq4KbhxWcE+oDOUTHrbhiaZIckIZaj+jK5E3fkV/oB/Y1pnoa1nEU7uOZfknCjhTBvP+3IKS8srq2vF9dLG5tb2jru719Rxqig0aMxj1Y6IBs4kNAwzHNqJAiIiDq1odD3VW/egNIvlnRknEAoykKzPKDF21HUPAiUyRSicGnuOmBwEV5xEwCddt+xVvBnwIvFzUkY56l33M+jFNBUgDeVE647vJSbMiDKMcpiUglRDYt8gA+hYKokAHWazCBN83I8VNkPAs/tvb0aE1mMRWY8gZqjntenwP62Tmv5lmDGZpAYktRar9VOOTYynTeAeU0ANH1tCqGL2l5gOiW3B2L5KNr4/H3aRNKsV/7zi3Z6Va9W8iCI6REfoBPnoAtXQDaqjBqLoET2jN/TuPDhPzovz+mMtOPnOPvoD5+MbUCiVFA==</latexit>

race� tracking label

<latexit sha1_base64="1yl8vFKU3lnMdMghQnLSzx8Oesk=">AAAB8nicbZDNTgIxFIU7+If4w6hLN43ExBWZIUZdYohGEhco8pPAhHTKBRramUnbMSETXkRXRt35KL6Ab2PBWSh4Vl/vOU3uuX7EmdKO82VlVlbX1jeym7mt7Z3dvL2331RhLCk0aMhD2faJAs4CaGimObQjCUT4HFr+uDLzW48gFQuDBz2JwBNkGLABo0SbUc/Od6VIKreX9Xr1unp1P+3ZBafozIWXwU2hgFLVevZntx/SWECgKSdKdVwn0l5CpGaUwzTXjRVEhI7JEDoGAyJAecl88Sk+HoQS6xHg+ft3NiFCqYnwTUYQPVKL3mz4n9eJ9eDCS1gQxRoCaiLGG8Qc6xDP+uM+k0A1nxggVDKzJaYjIgnV5ko5U99dLLsMzVLRPSs6d6eFcik9RBYdoiN0glx0jsroBtVQA1EUo2f0ht4tbT1ZL9brTzRjpX8O0B9ZH99gNo/j</latexit>

CLASSIFIER

<latexit sha1_base64="dsoWm6yJQaOg5Dh2hLvG2XvLeQk=">AAAB73icbZDNTsJAFIVv/UX8Q126aSQmrkhLjLokMUR3IshPApVMh1uYMNPWmakJaXgOXRl157v4Ar6NA7JQ8Ky+uedMcs/1Y86Udpwva2l5ZXVtPbOR3dza3tnN7e03VJRIinUa8Ui2fKKQsxDrmmmOrVgiET7Hpj+8nPjNR5SKReGdHsXoCdIPWcAo0WZ035EirZavquVa7aY67ubyTsGZyl4EdwZ5mKnSzX12ehFNBIaacqJU23Vi7aVEakY5jrOdRGFM6JD0sW0wJAKVl063HtvHQSRtPUB7+v6dTYlQaiR8kxFED9S8Nxn+57UTHVx4KQvjRGNITcR4QcJtHdmT8naPSaSajwwQKpnZ0qYDIgnV5kRZU9+dL7sIjWLBPSs4t6f5UnF2iAwcwhGcgAvnUIJrqEAdKEh4hjd4tx6sJ+vFev2JLlmzPwfwR9bHN4MAj38=</latexit>

REGRESSOR

<latexit sha1_base64="iIla5DTX2N5rVslG+tVPE1T4A0w=">AAAB7HicbZDNSgMxFIXv+FvrX9Wlm2ARXJWZIuqy4MZlBfsD7VAy6Z02NJMMSUYoQ99CV6LufBpfwLcxrbPQ1rP6cs8J3HOjVHBjff/LW1vf2NzaLu2Ud/f2Dw4rR8dtozLNsMWUULobUYOCS2xZbgV2U400iQR2osnt3O88ojZcyQc7TTFM6EjymDNq3ajX10luUBqlZ4NK1a/5C5FVCAqoQqHmoPLZHyqWJSgtE9SYXuCnNsyptpwJnJX7mcGUsgkdYc+hpAmaMF+sPCPnsdLEjpEs3r+zOU2MmSaRyyTUjs2yNx/+5/UyG9+EOZdpZlEyF3FenAliFZk3J0OukVkxdUCZ5m5LwsZUU2bdfcqufrBcdhXa9VpwVfPvL6uNenGIEpzCGVxAANfQgDtoQgsYKHiGN3j3pPfkvXivP9E1r/hzAn/kfXwD186PPw==</latexit>sensor

<latexit sha1_base64="MXi4wcjESdFDURrvOP9BF0i51po=">AAAB6nicbZDNTsJAFIVv8Q/xD3XpppGYuCItMeqSxI1LTOTHQEOmwwUmzLTNzK0JaXgJXRl15+P4Ar6NA3ah4Fl9c8+Z5J4bJlIY8rwvp7C2vrG5Vdwu7ezu7R+UD49aJk41xyaPZaw7ITMoRYRNEiSxk2hkKpTYDic3c7/9iNqIOLqnaYKBYqNIDAVnZEcPPa0yEgpn/XLFq3oLuavg51CBXI1++bM3iHmqMCIumTFd30soyJgmwSXOSr3UYML4hI2wazFiCk2QLRaeuWfDWLs0Rnfx/p3NmDJmqkKbUYzGZtmbD//zuikNr4NMRElKGHEbsd4wlS7F7ry3OxAaOcmpBca1sFu6fMw042SvU7L1/eWyq9CqVf3Lqnd3UanX8kMU4QRO4Rx8uII63EIDmsBBwTO8wbsjnSfnxXn9iRac/M8x/JHz8Q0nCY5A</latexit> ti
m
e

<latexit sha1_base64="0qvwrf5zRJHIHN/7JPTV8DDJ12g=">AAAB+3icbVDLSsNAFJ3UV62vqBvBzWARXJWkiApuClLRjY19QxPKZDpph04ezEyEEuLP6ErUnX/hD/g3TmsW2npW595zLtxz3IhRIQ3jS8stLa+sruXXCxubW9s7+u5eW4Qxx6SFQxbyrosEYTQgLUklI92IE+S7jHTc8dVU7zwQLmgYNOUkIo6PhgH1KEZSrfr6gc39xKpXG41WvWpfXtdqTat+e9dM+3rRKBkzwEViZqQIMlh9/dMehDj2SSAxQ0L0TCOSToK4pJiRtGDHgkQIj9GQ9BQNkE+Ek8wSpPDYCzmUIwJn829vgnwhJr6rPD6SIzGvTZf/ab1YehdOQoMoliTAyqI0L2ZQhnBaBBxQTrBkE0UQ5lR9CfEIcYSlqqug4pvzYRdJu1wyz0rG/WmxUs6KyINDcAROgAnOQQXcAAu0AAaP4Bm8gXct1Z60F+31x5rTspt98AfaxzdK0JMt</latexit>

PRESSURE FOOTPRINT
<latexit sha1_base64="0qvwrf5zRJHIHN/7JPTV8DDJ12g=">AAAB+3icbVDLSsNAFJ3UV62vqBvBzWARXJWkiApuClLRjY19QxPKZDpph04ezEyEEuLP6ErUnX/hD/g3TmsW2npW595zLtxz3IhRIQ3jS8stLa+sruXXCxubW9s7+u5eW4Qxx6SFQxbyrosEYTQgLUklI92IE+S7jHTc8dVU7zwQLmgYNOUkIo6PhgH1KEZSrfr6gc39xKpXG41WvWpfXtdqTat+e9dM+3rRKBkzwEViZqQIMlh9/dMehDj2SSAxQ0L0TCOSToK4pJiRtGDHgkQIj9GQ9BQNkE+Ek8wSpPDYCzmUIwJn829vgnwhJr6rPD6SIzGvTZf/ab1YehdOQoMoliTAyqI0L2ZQhnBaBBxQTrBkE0UQ5lR9CfEIcYSlqqug4pvzYRdJu1wyz0rG/WmxUs6KyINDcAROgAnOQQXcAAu0AAaP4Bm8gXct1Z60F+31x5rTspt98AfaxzdK0JMt</latexit>

PRESSURE FOOTPRINT

*Deep Residual Learning for Image Recognition , He, Zhang, Ren and IEEE Conference on Computer Vision and Pattern 
Recognition, 2016

2D convolutions Fully dense layer of neurons

<latexit sha1_base64="cOKEkYQThIswt04H7kjuWMdS+Uo=">AAAB+XicbZDLSsNAFIYnXmu9RQU3boJFqFBKUkRdFty4rGAv0IRwMj1ph04uzEyEEvswuhJ152v4Ar6N05qFtv6rb87/D5zzBylnUtn2l7Gyura+sVnaKm/v7O7tmweHHZlkgmKbJjwRvQAkchZjWzHFsZcKhCjg2A3GNzO/+4BCsiS+V5MUvQiGMQsZBaVHvnlc5b5T436j5gaooOYCT0dw7psVu27PZS2DU0CFFGr55qc7SGgWYawoByn7jp0qLwehGOU4LbuZxBToGIbY1xhDhNLL5/tPrbMwEZYaoTV//87mEEk5iQKdiUCN5KI3G/7n9TMVXns5i9NMYUx1RHthxi2VWLMarAETSBWfaAAqmN7SoiMQQJUuq6zPdxaPXYZOo+5c1u27i0qzURRRIifklFSJQ65Ik9ySFmkTSh7JM3kj70ZuPBkvxutPdMUo/hyRPzI+vgGaoZI5</latexit>

(l1, l2,�,↵)

Some similar work … for manufacturing
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