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Agenda

1. Motivation: What is thermography and how can we use it in the urban energy
context?

2. Deep learning models to aid in urban infrastructure maintenance

m [BBRDet - thermal bridges on building rooftops detection
m [UFSeg - thermal urban feature segmentation

3. AI4EQSC project & training platform

&
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Motivation

Bing Image Creator from Microsoft Bing Image Creator from Microsoft

@ https://www.bing.com/images/create/ https://www bing.com/images/create/
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Motivation

urban

infrastructure __crganise  automatic _ acawire =~ RGBand _analvse | tlﬁg?r:g
(potentially UAV flights TIR images _
damaged) anomalies

repare

@ RGB = Red Green Blue -
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AV = Unmanned Aerial Vehicle



Deep learning models: Case descriptions

TBBRDet TUFSeg

(Thermal Bridges on Building Rooftops Detection) (Thermal Urban Feature Segmentation)

Energy use: Buildings Energy supply: District heating networks (underground)
Find thermal bridges on building rooftops |dentify common thermal features in urban settings
— provide pointers for energy retrofitting measures — sort out false alarms while searching for leakages

multi-class
semantic segmentation = boting

W car (cold)
car (warm)
manhole (cold)

single-class
object detection
or instance segmentation

mmm manhole (warm)
 miscellaneous
person
street lamp (cold)
street lamp (warm)

= thermal bridges

Dual camera®: RGB + TIR 'ﬁ.— Dual camera® RGB + TIR f
UAV-based?  45° pitch, high overlap ! UAV-based?  90° pitch, high overlap .

s [}

Day-time flights in Karlsruhe (DE) o Night-time flights in Karlsruhe & Munich (DE) :

! Zenmuse XT2 camera with a FLIR Tau 2 thermal sensor
z DJI M&00 and DJI M300 UAVs RGB = Red Green Blue
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Deep learning models: Data preprocessing - TUFSeg

Thermal Urban Feature

Segmentaton
e e scikit.polygon2mask cvZ.resize Masks
aligned
Annotation
VGG Annotator ey

cv2.resize Thermal

aligned

512 px

4-channel
images

v
cv2.undistort RGB cv2.WarpPerspective RGB

corrected aligned
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Deep learning models: Data preprocessing - TBBRDet

Annotations cv2.resize Annotations
aligned

VGG Annotator

cv2.resize Thermal

aligned

512 px

v
cv2.undistort RGB cv2.WarpPerspective RGB

corrected aligned

ContextCapture
Software

2D
projection

cv2.Warp

Perspective Height map

Height map aligned
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Thermal Bridges on
Building Rooftops

Detection

» COCO JSON

annotations

5-channel
images
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Deep learning models: Case descriptions

TBBRDet TUFSeg

(Thermal Bridges on Building Rooftops Detection) (Thermal Urban Feature Segmentation)
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Deep learning models: Case descriptions

TBBRDet TUFSeg

(Thermal Bridges on Building Rooftops Detection) (Thermal Urban Feature Segmentation)
723 train, 203 test images 634 train, 159 test images

single-class object detection or instance segmentation: multi-class semantic segmentation:

» MaskRCNN ResNet-18 backbone » U-Net ResNet-152 backbone

MaskRCNN ResNet-50 backbone
MaskRCNN Swin-T Transformer backbone
TridentNet*

Feature Selective Anchor-Free (FSAF)*

DetectronZ and MMDetection toolboxes using PyTorch Segmentation_models toolbox using Tensorflow
Energy monitoring through HPC https//wwwscc kit edu/en/services/horeka php Energy monitoring with Perun  ntts/aithub com/elmholtz-Al-Enerqy/perun
- - \WoR
Model ablation study Data pre-processing study \\\\
Evaluation: average recall Evaluation: precision, weighted precision, loU, w loU, F1

Mayer, Z. ef al Deep learning approaches to building rooftop thermal bridge detection from aerial images. In
Automation in Construction Vol. 146, p. 104690 (2023). Elsevier BV. https://doi.org/10.1016/j.autcon.2022.104690

* Architectures that only perform the
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Al4EOSC project

= Al /DL /ML services for the european open science cloud Al4 ‘ C'f) eOSC

= computing resources from pan-European e-Infrastructures

1 |V
Project AI4EOSC S CSIC XIT =
= Evolution of the DEEP Hybrid DataCloud platform Vo Looviwonmns G roliicnic
= HORIZON-INFRA-2021-EQSC-01-04 call W
= Runs September 1st 2022 - August 2025 (36 months) | 'NFN (PSNC D {3*
= 7 academic + 2 SME + 1 non-profit organization reclichta

Advanced features for distributed, federated, composite learning, metadata provenance,
MLOps, event-driven data processing, and provision of Al/ML/DL services

Websites: https://ai4eosc.eu/ ; https://dashboard.cloud.ai4eosc.eu/marketplace

© =
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AlI4EQOSC project: Training platform

Configure training: Al40S Develop

4
Al ooeosc Marketplace / modules/deep-oc-generic-dev / Train 0 Show help
Marketplace'®
_ o General configuration o Hardware configuration o Storage conf
Deployments
. ) ) . ) Hardware options
L AMOS Development Environment # Dogs breed detector % DEEP OC Massive O
Other links [ Shrea
This is a Dacker image for develoging rew Identify & dogs breed on the image (133 e Number of CPUS
modules knawn breeds) 4
Identity and Access Deep learning for proactive
menitoring and security pro
AMEOSC documentabion
GPU model FAM memory (in MB:
Tranable  Inference  Pre-trained Trainable  inference
Project page -
Tesla V100-PCIE-32GB 20000
# Train an image dlassifier @ Plants specles classifier # Conus species classi
Disk memory (in MB
Traen your own image classifier with your Classify plant Images amang 10K species Classify conus images ama 20000
d It comes also d fraom the iNaturalist dataset
the 1K Imageet classes
Trainabie  Inference  Predraned Tranable  Inference  Pre-drained Trainable  Inference  Prerained Trainable  Inference  Predrained
W Seed species classifier ¥ Upscale multispectral satellites W Speech keywords classifier # Body pose detection
Classify seeds images smong 700K images Train 8 speech classifier 1o classify audio Deteet body poses in images.
Al | BOEC species. files between different keywords.
Upscale (superresalve) low resolution bands
ta high resolution in multispectral satellie
Tha AMEDSC dashboaed is o service imagery
provided by CSIC, co-funded by AMEDSC
Temsofuse  Privacy policy Trainagie  Inference  Pro-traned Tranable  Inference  Pre-drained Trainable  Inference Inference  Pre-trained

iLeosc.eu/marketplace

h

Funded
the European Unlon
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AlI4EQOSC project: Training platform

BTl /v2imodens/tutsagm_spatrains Retiin mosel weh watasls data .

Parameters

Narme Dascription

madal_typo

" seﬂmnnlﬂrﬂﬂ model |"'D"
Iswagger json e .
[ unet -
dataset_path

string Path o the dataset. If none is provided, the dataset in the 'data’ fokder will be used or else downloaded from Nexdcloud

DEEP as a Service APl endpoint®®

save_for_viewing

[ Save additional data such as segmentation masks in_png for user viewing. ATTENTION: This will fil up additional spacel
favery) ¢ 3
| taise ~ |
tost_size
nusber (5108t} Parcentage of the dataset to be used for testing and to calculate evaluation matncs with
Hybrid DataCloud Cnery)
02
This Is a REST AP that is focused on providing access 10 machine leaming modets. By using the DEEPaas API users can
channets

(simtaz)  Process ihe data either in standard 4 channels (RGBT) or as 3 channeds (grayRGE+T+T),

Currently you are browsing the Swagaer Ul for this API, a tool that allows you to visualize and interact with the AP1 and the | nbe

processing
. striag Use original data (basic) or apply preprocessing filters (vignatting remaval, retinex and unsharm)

s Basic ~

img_size

string

Usa original image size (G40x512) or downscale. ATTENTION: The onginal size requires a lof of RAM memory (= 25000) otherwise training will fail

["ea0x812 ~ |
versions ; :

apochs
integer(intazy  Mumber of epochs to train the model

DS /var 6ot v2 aeiversion information
s

batch_size
m f Get available AP versions integer(intazy  Dalch size o load the data
Caniry)
8
debug
Ir
nusber($f1eat)  LEAMING rate
m /v2/debug/ Retum debug information f enabled by AP Couery)
0.001
models integer($intazy  Olobal seed number for training
m /v2/models/ Retun loaded models and its infarmation 1000

Responses pon e I w
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Thank you for your attention.

elena.vollmer@kit.edu

Karlsruhe Institute of Technology (KIT)

Institute for Industrial Production (IIP)
Team “Project and Resource Management in the Built Environment”
under the direction of Dr.-Ing. Rebekka Volk

$ B
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