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IN THE JUSTICE COURT OF LAS VEGAS TOWNSHIP
COUNTY OF CLARK, STATE OF NEVADA
)

JAMES C. BARRIER, )
Applicant, )

l EMPORARY ORDER FOR

vs.
(NRS 200.591)

Date Issued: NOVEMBER 21, 2007
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:

BARTHIKIMEW RIZZOLO,

[X} 30 days from the date of service,
unless otherwise ordered by the Court

Barbara Hurlbut Deputy e 5
#7)

YOU, THE ADVERSE PARTY, ARE HEREBY NOTIFIED that ANY INTENTIONAL
VIOLATION OF THIS ORDER IS A CRIMINAL VIOLATION and can result in immediate
arrest or issuance of an arrest warrant. Unless a more severe penalty is prescribed by law for the act that
wnxtnmsﬂnvlohlmvfﬁ-eudu vlouon ofa Tmpemqommmnmwnsmug,
| Aggravated Stalkin, which by i
county jail rornmnmomn nne(l)yeav orby ﬁmnfnotmmlhmn.l)w or both.

« Ubiquitous in human communication and every scenario involving an office
« Somewhat structured for human expert; unstructured w.r.t machines
« Great use case for various Al techniques, including computer vision techniques

Own scientific community

* |APR’s biannual Intl. Conference on Document Analysis & Recognition (ICDAR):

character & symbol recognition, printed/handwritten text recognition, graphics analysis & recognition, document analysis &
understanding, historical documents & digital libraries, document based forensics, camera & video based scene text analysis
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Industrial examples
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@ Truly refreshing document digit=: X+
& 5 C @ https//turicode.com % 0 ¢ []
3 Apps Aus Firefox importie: [ Industried 0 - Home &) ICT Selfservice Z DeepScore IPython ¢ @) Reddit /Machine Le »

turicode

Process your
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Unlock the full potential of your documents using

machine learning.
- d
&

MINT.extract — Truly refreshing document digitalization.

Is your information trapped inside documents? Meet MINT.extract: Our solution to free your data.

Ziircher Fachhochschule

Zircher Hochschule
fur Angewandte Wissenschaften

Table Structure

1573 nchade Intaret access, Iniemmet ranst, doms

1593 B very st 3
have parartl meb servers tat can be shared by severalchanss, You ean alss eapect

e, i ltast s0mure

Ground truth




Roadmap

2. Music
scanning

1. Print media
monitoring

0. Prologue on
document analysis
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1. Print media monitoring Zh
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1. Print media monitoring — ML solution

element-wise sum and
transposed conv.

transposed conv.

element-wise sum and
transposed conv.

element-wise sum and

transposed conv.
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upscale
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Output

D Convolution + Batch Normalisation + ReLU

D Upscaling by factor 2

D Transposed Convolution + RelLu

Meier, Stadelmann, Stampfli, Arnold & Cieliebak (2017). «Fully Convolutional Neural Networks for Newspaper Article Segmentation». ICDAR’2017.
Stadelmann, Tolkachev, Sick, Stampfli & Dirr (2018). «Beyond ImageNet - Deep Learning in Industrial Practice». In: Braschler et al., «Applied Data Science», Springer.
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2. Music scanning
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2. Music scanning — challenges & solutions
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Tuggener, Elezi, Schmidhuber, Pelillo & Stadelmann (2018). «DeepScores — A Dataset for Segmentation, Detection and Classification of Tiny Objects». ICPR’2018.
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Tuggener, Elezi, Schmidhuber, Pelillo & Stadelmann (2018). «DeepScores — A Dataset for Segmentation, Detection and Classification of Tiny Objects». ICPR’2018.
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2. Music scanning — challenges & solutions
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Tuggener, Elezi, Schmidhuber, Pelillo & Stadelmann (2018). «DeepScores — A Dataset for Segmentation, Detection and Classification of Tiny Objects». ICPR’2018.
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Tuggener, Elezi, Schmidhuber, Pelillo & Stadelmann (2018). «DeepScores — A Dataset for Segmentation, Detection and Classification of Tiny Objects». ICPR’2018.
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Energy map M*¢:
N*M*#energy_levels

e
e

~ :  Class map M
=T N*M*#classes

g T Refine-Net [—

. Tl s BBox map MP:
-t Output Featuremaps N*M*2
: Base Network N*M*256

= 1x1 convolution

Tuggener, Elezi, Schmidhuber, Pelillo & Stadelmann (2018). «DeepScores — A Dataset for Segmentation, Detection and Classification of Tiny Objects». ICPR’2018.
Tuggener, Elezi, Schmidhuber & Stadelmann (2018). «Deep Watershed Detector for Music Object Recognition». ISMIR’2018.
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Energy map M*¢:
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T
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:  Class map M
T N*M*#classes

T tiny numbers are class labels from the
typical DeepScores input we process at once.

= =

a) Example result fro
dataset introduced with

Refine-Net |—

- BBOX map M®:
Output Featuremaps N*M*2
............................................... NTT23e..

= 1x1 convolution

This system is roughly

It from MUSCIMA + i
Hpul < with many symbols.
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 a typical proce: el L \um 4+ inpat. The

Tuggener, Elezi, Schmidhuber, Pelillo & Stadelmann (2018). «DeepScores — A Dataset for Segmentation, Detection and Classification of Tiny Objects». ICPR’2018.
Tuggener, Elezi, Schmidhuber & Stadelmann (2018). «Deep Watershed Detector for Music Object Recognition». ISMIR’2018.
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2. OMR deep dive

OMR vs state of the art object detectors aw

YOLO/SSD-type detectors E;COREPADEI

T T T | e i w i o Innosuisse - Swiss Innovation Agenc,

Source: https://pjreddie.com/darknet/yolov2/ (11.09.2018)

R-CNN
« Two-step proposal and refinement scheme
» Very large amount of proposals at high resolution needed
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2. OMR deep dive (contd.) Zh

The deep watershed detector

[ESCOREPADq

Energy map Me:
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=== \ w““""w _Class map M: & B
RefineNet |— | | | ||| |— TN*M#classes [EENS
M,_ BBox map M":
Output Featuremaps N*M*2

N*M*256
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2. OMR deep dive (contd.) Zh

The deep watershed detector

[;ESCOREPADQ

Energy map Me:

Input: N*M*1|: Y| Resnet-101 ‘»M;,,N*M*#energy_levels
— - \ w““""w Class map M<: £ L
Refine-Net |[4> | | [ | | | |- TN*Mi#classes
M,_ BBox map M":
= Output Featuremaps N*M*2

! Base Network N*M*256

Fully convolutional net
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2. OMR deep dive (contd.)

zh
The deep watershed detector aw
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------------------------ » = 1x1 convolution

Fully convolutional net Output heads
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2. OMR deep dive (contd.)

The (deep) watershed transform aw
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2. OMR deep dive (contd.)

The (deep) watershed transform
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a) One-dimensional energy function of five
classes without any structural constraints.

b) Energy function for the same five classes
with fixed boundary energy.
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¢) Energy function for the same five classes this time
with small energy markers at the class centers.
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2. OMR deep dive (contd.)

Output heads of the deep watershed detector aw
ESCORE

Energy Class Bbox

Inngsuisse - Swiss Innovation Agenc,

Ground truth

Prediction
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2. Music scanning — industrialization

) zh
(Work in progress) aw

Recent results on class imbalance and robustness challenges [ESCOREPADS]
1. Added sophisticated data augmentation in every page’s margins v L

P ma

s on .f N I‘*Tzh
iy L 2

2. Put additional effort (and compute) into hyperparameter tuning and longer training
3. Trained also on scanned (more real-worldish) scores

omon ® ,a

?9&;{{;.,,(,(.’?":’.’L;lx’ ;'E':'.'.':"-'-':'f:.r"r“:’—"_

= Improved our mAP from 16% (on purely synthetic data) to 73% on more challenging real-world data set
(additionally, using Pacha et al.’s evaluation method as a 2" benchmark: from 24.8% to 47.5%)

Elezi, Tuggener, Pelillo & Stadelmann (2018). «DeepScores and Deep Watershed Detection: current state and open issues». WoRMS @ ISMIR’2018.
Pacha, Hajic, Calvo-Zaragoza (2018). «A Baseline for General Music Object Detection with Deep Learning». Appl. Sci. 2018, 8, 1488, MDPI.
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Conclusions Zh
« Document analysis is a very fruitful use case for Deep Learning (for business + R&D)
« Latest research is applied and deployed in «normal» businesses (non-Al, SME)

« It does not need big-, but some data (effort usually underestimated)
 DL/RL training for new use cases can be tricky (= needs thorough experimentation)

On me:

*  Prof. AI/ML, head ZHAW Datalab, board Data+Service
* thilo.stadelmann@zhaw.ch

e +4158934 7208

d = t = 1 a b * hups:/istdm.qithub.iof

www. zhaw.ch/datalab On the tOpiCS:
* Document analysis: https://stdm.qgithub.io/research/#recent
+ Data+Service Alliance: www.data-service-alliance.ch

» Collaboration: datalab@zhaw.ch

BEs

)]

Swiss Alliance for
Data-Intensive Services

=> Happy to answer questions & requests.
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