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Overview

1. What is Page Segmentation?
2. Neural Network Architectures for Page Segmentation
a. (How to build your own Neural Network for a Document
Pixel Labeling task)
3. Handling overlapping content in document images
4. A natural extension to OCR
5. Challenges and Frontiers



Page Segmentation
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s actually the saddest bock you'll ever read —even

with God on every page. Time for another look.
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Page Segmentation

K. Chen, M. Seuret, H. Wei, M. Liwicki, J. Hennebert, and R. Ingold, “Ground truth model, tool, and dataset for layout analysis of historical documents,” in IS&T/
SPIE Electronic Imaging. International Society for Optics and Photonics, 2015, pp. 940 204-940 204.
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1 billion images @ 12 MP each =
12x10'6 pixels (12 Petapixels)
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Overview

1. What is Page Segmentation?
2. Neural Network Architectures for Page Segmentation
a. (How to build your own Neural Network for a
Document Pixel Labeling task)
3. Handling overlapping content in document images
4. A natural extension to OCR
5. Challenges and Frontiers
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Ground-Truthing
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Z=% Architectures

By Lorie Shaull (Own work) [CC BY-SA 4 (https://creativecommons.org/licenses/by-sa/4.0)], via Wikimedia Commons



Convolutional Neural Networks for Page Segmentation of
Historical Document Images

Kai Chen, Mathias Seuret (Apr 2017)
~68,000 parameters
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Winners of the ICDAR2017 Competition on Layout
Analysis for Challenging Medieval Manuscripts

Based on VGG-16

~138 Million parameters!
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Upsampling and Feature Concatenation for Context —>



Which way to go?

138M vs 68K:

2000x difference in # of parameters
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We're caught in a net

DenseNets
https://arxiv.org/abs/1608.06993

ResNets
https://arxiv.org/abs/1611.08323

SqueezeNets
https://arxiv.org/abs/1711.05491

ShuffleNets
InceptionNets

XceptionNets



Densely Connected Convolutional Networks

The One Hundred /i i
Layers Tiramisu: - :

Fully Convolutional *
DenseNets for
Semantic ! i

Segmentation * *

Layers: Params

Dense Biock Hc
56: 1.5M, - Bt - Yot
67: 3.5M,
103: 10M 10x Reduction!

https://arxiv.org/abs/1611.09326 https://arxiv.org/abs/1608.06993




Historical Book Analysis Competition

Two competitors,

One neural and one not.
Neural method outperformed
Non-neural by

4.79% Weighted F-Measure
11 Books,

61-98% WFM per book

https://dl.acm.ora/citation.cfm?id=3151528

ACTE PREMIER.

Le Théatre repréfente Iavant-Palais des Rois
de Syrie , & dans le fonds , des Cafcades
& des Ruiffeaux.

SCENE PREMIERE
MANTO, & ISMENE
3 fortant d'un nuage.
MAN/'I/'O.




Multi-Scale network architecture
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Document Image Binarization with Fully Convolutional Neural Networks

Chris Tensmeyer, Tony Martinez
https://arxiv.org/abs/1708.03276




Back to Form Images

| Form V. S. No. 11—50M—8-20-17 STATE OF
1 BUREAU OF VITAL STATISTICS
PLACE OF DEATH. CERTIFICATE OF DEATH

County of.

1% 0c
Townshlp of... 7”«/&1 5"6/( i ion District No. é ’L é File No ‘ = 8',“)
. Primary Regi ion District No. ‘Mj ‘9‘ Registered No. 26

Vlllage of..
| T
f cityoof (No. St Ward) ::.!‘i'_j."&‘: i‘"s‘:“i".
number.]
f :FULL NAME l/f u,zéz,v/o/( ‘LL««/R/&/%

PERSONAL AND STATI_STICAL PARTICULARS MEDICAL CERTIFICATE OF DEATH

3 SEX 4+ COLOR OR RACE b sINGLE Z‘t% 16 DATE OF DEATH
MARRIED z
S , WIDOWED N “ { _'744 9‘
Zlale) N Fee T | W A . s ot

¢ DATE OF BIRT!]

2l ) ;,f‘ '3 7‘5 A EREBY CERTIFY, That I attended deceased

4 1.
S SNk fromf; 29 191%..., to 1912,

TAGE
e e ,u o

8 OCCUPATION )
(a) Trade, profession, or f./
particular kind of work................. 2%
(b) General nature of industry,

bul{nun, or establishment in
(or_employer)

alive on..

T LESS than|| that I last saw R 191€.,
:'d' S )nd that death occurred, on the date stated above, at[ﬂ..m.
The CAUSE QF DEAT =

was as_follows:

o BIRTHPI.ACE [ &
(State or country) /— &
(L e
10 NAME OF 3
FATHER /_) 4
(J Yz

k xmp
Bl Eevwen O el d :
g |2 MAIDEN NAME _, *State the DiseaszfCAusiNG DEATH, or, in deaths from VioLEnt CAusks,
o OF MOTHER v e P 2 || state (1) Mzaxs or Injury; and (2) whether ACCIDENTAL, SUICIDAL, or
s N et e M HoM1CIDAL,

13 BIRTHPLACE - L 18 LENGTH OF RESIDENCE (For Hospitals, Institutions, Transients,

OF MOTHER ) or Recent Residents)
(State or country) —~/ e
14 THE ABOVE IS TRUE TO THE BEST OF MY KNOWLBDGE
Former or
(tnformant).d B Ctly. VY] «&/f///’ Copmmonn | bl R
(Address)...o.... 2 f‘/”;"‘/'f \ “‘/ |
)// y { ADDRESS
Filed....... 2 4 "'4‘ O 77?4/»/%444 ! NEF T =
Registrar | 4 (VO s ey, B {/ .,,,/‘
11—3184 /

1919 Ohio Death Record



Convolutional Neural Network Architecture

8 layers: 4 down, 4 up No softmax on outputs! ~, C

# convolutional filters per layer 32 16
32 4 64
128

T e

3x3 convolutions, 5x5 transpose convolutions

Trained on randomly scaled and rotated crops

Class-balancing quota in training batches

Outperforms more complex architectures tested

19



Convolutional Neural Network Architecture

~0.314 Million
parameters

32

32 128 64

20



Convolutional Neural Network Architecture

Performed better than or on par
with multi-scale variants tried

16

32

32 128 64

Why does the simpler network perform better?

&7/
|v/'

| don’t know, but /
— ¢

Shallower network & smaller kernels -> More texture-based

Deeper network & larger kernels -> More layout-based

e Smaller architecture -> Fewer parameters -> Less ability to overfit

21



Architecture Takeaways

1. Think about the target variables: Do | want Long-term context (logical
layout) or local/textural analysis (graphical layout)?
a. Smaller context can be better for textural, and larger context may

be needed for logical, high-level labelings.

2. Document images are very high resolution. Prepare for high
throughput.

3. Loss function matters -- you get what you optimize for

4. Training balancing: Include more of what you are worse at, within

reason
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Masking Content Channels
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Open Problems



Research Blog Talks Publications About

Have We Forgotten about Geometry in
Computer Vision?

https://alexgkendall.com/computer vision/have we forgotten about in_computer vision/

Deep learning has revolutionised computer vision. Today, there are not many
problems where the best performing solution is not based on an end-to-end
deep learning model. In particular, convolutional neural networks are popular
as they tend to work fairly well out of the box. However, these models are
largely big black-boxes. There are a lot of things we don’t understand about
them.

Alex Kendall

Computer Vision &
Robotics Researcher




Dense Layers

https://www.google.com/search?safe=active&biw=1366&bih=633&tbm=isch&sa=1&ei=V2WMWovJF-PX0gKZ1azlAQ&qg=dense+cake+recipe+site
%3Awikimedia.org&oq=dense+cake+recipe+site%o3Awikimedia.org&gs |=psy-ab.3...9304.12238.0.12375.19.16.0.0.0.0.223.1716.3j7j2.12.0....0...1c.

1.64.psy-ab..7.1.125...0i30k1j0i8i30k 1j0i24k1.0.v6TKEhZEBi4

https://www.google.com/imgres?imgurl=https%3A%2F %2F upload.wikimedia.org%2Fwikipedia%2F commons %2F 3%2F 3f%2FDobos cake
%2528Gerbeaud Confectionery Budapest Hungary%2529.ipg&imgrefurl=https%3A%2F %2F commons.wikimedia.org%2Fwiki%2FFile
%3ADobos cake (Gerbeaud Confectionery Budapest Hungary).jpg&docid=HkdgsiVJfgckuM&tbnid=0QWLlIlor-2j60M
%3A&vet=10ahUKEwW|jR54HyirXZAhXKgVQKHW5RAhYQMwiPAigIMAg..i&w=1280&h=853&safe=active&bih=633&biw=1366&q=layer%20cake
%20site % 3Awikimedia.org&ved=0ahUKEwjR54HyirXZAhXKqVQKHW5RAhY QMwiPAigIMAg&iact=mrc&uact=8




Where to Go from Here

Marriage of Computer Vision and Deep Learning

Resource-Efficient Processing (ms/image)



Document Image Page Segmentation

and Character Recognition
as Semantic Segmentation

Seth Stewart and Bill Barrett
Brigham Young University
stewart.seth.a@agmail.com

40



Chen and Seuret CNN for Page Segmentation

'“\1>4

Single convolutional layer with
J] only 4 feature maps performs

m‘ ) as well as more layers/maps
R . _~~ #class
3 2 T _ output units
x ‘ e
- “" hidden units

Performs ~99% as well with
only 2 training images as
with many more

4 feature maps

Single-Layer Convolutional Neural
Network for page segmentation by
Chen and Seuret

K. Chen and M. Seuret. 2017. Convolutional Neural Networks for Page
Segmentation of Historical Document Images. ArXiv e-prints (April 2017).
arXiv:cs.CV/1704.01474




Semantic Segmentation

Pixel-wise labeling of images

M. Everingham, L. Van Gool, C. K.
Williams, J. Winn, and A. Zisserman. The
pascal visual object classes (voc)
challenge. IJCV, 88(2):303-338, 2010



Semantic Segmentation
Convolutional Neural Network Architectures

Fully Convolutional Network Downsampling-upsampling Network
[Long and Shelhamer, 2014] [Noh, et al. 2015]

e Learned upsampling allows for denser predictions
given modest additional computation

forward /inference

224x224 224x224

backward/learning

52 Convolution network Deconvolution network 112X
56x56 /
28x28 ixid
1 7x7
Ix1 1x1
Max
axX
DOE[IHC pooling pOOhng .............. — Unpooling ; ]
oo e npooling

Dng\'ﬂq DOGNﬂC """"""""" T Unpooling
- ~Unpooling
v \

H. Noh, S. Hong, and B. Han, “Learning deconvolution network for semantic
segmentation,” in The IEEE International Conference on Computer Vision (ICCV),
December 2015

Fully Convolutional Models for Semantic Segmentation. Evan Shelhamer,
Jonathan Long, Trevor Darrell. PAMI 2016. arXiv:1605.06211
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We use a
Convolutional
Neural Network to
Semantically label
each document
component at the
pixel level




...allowing each
component to be
peeled off into a
separate layer and
processed
selectively

1919 Ohio Death Record



Methods



Overview

1. What is Page Segmentation?
2. Neural Network Architectures for Page Segmentation
a. (How to build your own Neural Network for a Document
Pixel Labeling task)
3. Handling overlapping content in document images
4. A natural extension to OCR
5. Challenges and Frontiers



Visualization of Overlap

’

Overlap
correctly
assigned

Incorrectly
assigned







Two-form cross-validation
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Two-form cross-validation

Form Instance A validated against Form Instance B

Class Training Validation

Precision | Recall | Precision | Recall
Machine Print 0.927 0.783 0.812 0.891
Handwriting 0.930 0.868 0.842 0.929
Solid Lines 0.815 0.912 0.574 0.996
Dotted Lines 0.857 0.923 0.735 0.927
Stamps 0.794 0.885 0.199 0.282
Trained on Form Instance B
Class Training Validation

Precision | Recall | Precision | Recall

Machine Print 0.967 0.945 0.869 0.703

Handwriting 0.935 0.940 0.897 0.734
Solid Lines 0.906 0.916 0.743 0.530
Dotted Lines 0.930 0.920 0.885 0.777

Stamps 0.682 0.979 0.279 0.235




The Effect of Ground Truth*®

Average F-scores

GTtopreds | 3 GTs

Conclusions:

e HW and MP transfer in the 80-90% range

e Lines are more subjective
/

e Stamps transfer relatively poorly

e Needs more training data

Machine Print 0.813 0.888
Handwriting 0.845 0.889
Solid Lines 0.673 y
Dotted Lines 0.824 0.753
Stamps 0.244 0.933

T m“ED
RE 11899

*Elisa H. Barney Smith. 2010. An analysis of binarization ground
truthing. In Proceedings of the 9th IAPR International Workshop on
Document Analysis Systems (DAS '10). ACM, New York, NY, USA,

e 27-34. DOI=http://dx.d 10.1145/1815330.1815334
lglf (AddtCIt)—-—- pr/edotoref !
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Overview

1. What is Page Segmentation?
2. Neural Network Architectures for Page Segmentation
a. (How to build your own Neural Network for a Document
Pixel Labeling task)
3. Handling overlapping content in document images
4. A natural extension to OCR
5. Challenges and Frontiers



What if | could tell you...

Not only is it machine print, it's a “9”



Modification for character prediction

/‘ 16 # classes = # of characters
d
_

32

C

/o Network is truncated to allow coarser spatial prediction

e Threshold + Non-Maximal Suppression can be used to
identify characters directly
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Segmentation-free character recognizer

Pred

Semantic Segmentation is
performed to produce character
heatmaps

Easy to ground-truth
Without tuning, a shallow network

is 95% accurate at regressing
MNIST digits at arbitrary locations
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Segmentation-free character recognizer

Not constrained to words or lines in predetermined read order
Eliminates the need for any a priori word, character, or line segmentation algorithm.

Words, lines, and paragraphs can be
recovered post-recognition
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Overview

1. What is Page Segmentation?
2. Neural Network Architectures for Page Segmentation
a. (How to build your own Neural Network for a Document
Pixel Labeling task)
3. Handling overlapping content in document images
4. A natural extension to OCR
5. Challenges and Frontiers



Open challenges / Future Work

-Network architecture search is still inefficient

(but maybe a small network can be good enough for some tasks?)

-Pixel labeling is still not integrated with downstream tasks (OCR, Handwriting
recognition, region pairing)

-Fuse character recognition with other document processing tasks



Semantic Segmentation
web demo

http://bit.ly/2tgbo2G
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Questions?

Document Image Page Segmentation and Character Recognition
as Semantic Segmentation

Seth Stewart and Bill Barrett
Brigham Young University
stewart.seth.a@amail.com
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Future/Ongoing Work



Two-form cross-validation

Form Instance A validated against Form Instance B

Class Training Validation
Precision | Recall | Precision | Recall
Machine Print 0.927 0.783 0.812 0.891
Handwriting 0.930 0.868 0.842 0.929
Solid Lines 0.815 0.912 0.574 0.996
Dotted Lines 0.857 0.923 0.735 0.927
Stamps 0.794 0.885 0.199 0.282
Trained on Form Instance B
Class Training Validation
Precision | Recall | Precision | Recall
Machine Print 0.967 0.945 0.869 0.703
Handwriting 0.935 0.940 0.897 0.734
Solid Lines 0.906 0.916 0.743 0.530
Dotted Lines 0.930 0.920 0.885 0.777
Stamps 0.682 0.979 0.279 0.235

Compare to Chen and Seuret’s

77-96 f.w. IU on Parzival, Washington,
and Saint Gall databases

IU can be seen as symmetric precision &
recall.

It is bounded as pessimistic, score-wise,
relative to Prec & Rec. In other words, it
will always be lower than either of these.
IU is a lower bound on Prec & Rec.

But these are against arbitrary pixel-level
ground truth
TODO: Compare to HBA results
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Handling Class Overlap




Larger Dataset Creation

Similar layouts

Answers the question:
How well do classes transfer
to similar images?

STATE OF NEW YORK.
CERTIFICATE AND RECORD OF MARRIAGE

S Foperrid, [ Svarcins | = = Different layouts

“rreerre 5.
- A3

Answers the question:
How well do classes transfer
across different layouts?

ro e P e

that the above-named groomy gnd,

i Z _
e pere jrineSin Yarrisge by mes
jate of Newy York, at. ) [Z4 £
ek of. /7 VZCon ., City of, York, this— L0 —of 7

toy frone rd B
¢ /r.-’~,ll.§ 4

1800s-1900s Birth Certificates, Marriage Records, Wills, Census Records, etc.
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ResultsVon Different form types

10 E—19015
, Tae Crry of NEw YoORK.
DepARTMENT OF HEALTH. STATE OF

p T-’—ﬁ.——

ﬁt”:’&u, o %ﬂ oﬁ{_

////nr' Ze /f &

/ i /- -
/’H—?”» ~— %/fl’ <

" the Sqate of Newy York, at
= -, City of
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| Witoeases ) ——
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Resu

Its on Different form types

|
f PLAGE OF BIRTH
\l County ,,/XW»t Loz

‘Tr!lﬁlp of $
‘ tun{d“(//(u.
| city of 3

‘ No. secsees . con .8t

il . Ward.
I| Ir dirth” occurs in a hospital or ot
|| give name of same, instead of .mu and nu

‘\ F'ULL NAME OF CHILD

er institulion

‘CIIM /})«ab — [/iﬂ
I nu}k//ll

Twin,
Triplet,
orother?

Primary Registration District No. 75) 6
//( ([AMAI /(‘la‘(llv )}'0#44,

M//fnh

STATE OF OHIO
Bureau of Vital Statistios
CERTIFICATE OF BIRTH

File No.

p— ..7 5’ R

! ane gy .....:: Date '&ﬁr

answer In ¢ -.a:.-.r.n.-"'". ae only (Month) (YY)
FULL
UL uotmm/f_
_NAME Leawey JCALeR2

‘ RESIDENCE- |nmm~cz/
L Ae2vS 27D | B er /?/i.
cogien mg € CHENT.E). K ,{m AR 23

‘ BIBTHFLACH
f‘z“ce g Koo

“occu PQTlu N

((,(?;?é‘f#

(7// | BIRTHPLACE ()(‘fajj—(» 5 0{

T OCCUPATION
A_AAel2Pe /p

P4

Number of children, of this mother, now living. ..

|

|

1' Number of child of this mother
It g

I

CERTIFICATE OF ATTENDING PHYSICIAN OR MIDWIFE*

| hereby certify that | attended the birth of this child, and that it occurred on. .. . . 6( »} K 3 /O .....

|
|
|
*When there was mo attending phylhlﬂu'
| or midwife, then the father, mother, Rouse-
Rolder, etc., should make this return.

Given name added from a supplemental report,

Registrar

,.{0 [ L ETANER

(Signature) .

/ALCE
g

;A;Ilﬁlu or Midwife.)
Address AAL(‘./' 23
Fied . AZrr, Hheo/O

y

255

Registrar
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Validation

Performance Measures

Precision

Recall

F-Score

Accuracy

Mean Accuracy

Intersection Over

Union

Mean Intersection
Over Union

1 Slmllar Layouts

njj

2 jnji

i=

nijj
2jMij

R; =




How to get crisp upsampling?

Train the network at multiple scales, and then at inference time...
Inflate the resolution of the image you are predicting on!



