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Problem Statement

Given Properly connected word-level bounding boxes for a document, output
line-level and paragraph-level clusters
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Left: word-level bounding boxes which do not necessarily correspond to words or characters
Right: word-level bounding boxes with proper connections (2-hop B-skeleton Graph)



Related Work — Layout Analysis

Using heuristic algorithms to get line-level clusters (e.g. Text Flow [1])
Clustering line-level bounding boxes into clusters [2]
Image-based detection models [3]
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A difficult handwlriting example for Text Flow

[1] Shangxuan Tian et al. Text Flow: A Unified Text Detection System in Natural Scene Images. In
Proceedings of the IEEE/CVF International Conference on Computer Vision, 2015

[2] Renshen Wang et al. Post-OCR Paragraph Recognition by Graph Convolutional Networks. In Proceedings of the
IEEE/CVF Winter Conference on Applications of Computer Vision, 2022.

[3] Xu Zhong et al. Publaynet: Largest dataset ever for document layout analysis. International Conference on
Document Analysis and Recognition, 2019



Related Work — Graph Convolutional Networks

Input

Input
Input P
4
0
\"
7 \(\Q\)
X
> Input

Input

Output

[terative Output Output
Message
Passing o

7 K\

0&§§ Output

Output



GCN prediction — box_left

box_left(b1, b2): 1 if b1 and b2 are in the same line
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and b1 is adjacent to b2 to the left, 0 otherwise
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GCN boxes and box_left labels
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GCN prediction — box_above

e box_above(b1, b2): conditioned on b1 being the first
box in a line, 1 if b1 and b2 are in the same paragraph
and b1 is in a line that is directly above the line b2 is in.
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GCN boxes and box_above labels



GCN prediction — box_below

e box_below(b1, b2): conditioned on b1 being the first box
in a line, 1 if b1 and b2 are in the same paragraph and b1
is in a line that is directly below the line b2 is in.
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GCN boxes and box_below labels



Do we really need both box_above and box_below?

e box_below fails but box_above succeeds

The left image shows the graph edges. box_below could miss the connection between the first two lines (middle
image), but this could be complemented by box_above (right image).
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Do we really need both box_above and box_below?

e box_above fails but box_below succeeds

The left image shows the graph edges. box_above could miss the connection between the first two lines of
paragraphs (right image), but this could be complemented by box_below (middle image).



GCN prediction visualization

e Blue: box_left
e Magenta: box_above/box_below

Google



Forming lines and paragraphs

Forming Lines

1. Initially all GCN boxes belong to a different line.
2. lteratively, if box_left(b1, b2) = 1, then merge b1 and b2 into the same line.
3. A GCN box b is identified as the first box of a line if there is no b’ such that box_left(b’, b) = 1.

Forming Paragraphs

1. Initially all lines belong to a different paragraph.
2. lteratively, if box_above(b1, b2) = 1 or box_below(b1, b2) = 1, then merge b1’s line and b2’s
line into the same paragraph.



Experiments —PublLayNet
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Experiments —Successful Real-World Examples

Thank you for restoring access on 01/30/2019. As you know, our secure website all
online.

and most types of

Jse your camera to find Pokémon in
the real world!

nns—one containing a telling sentence and one containing
'mmm&-ﬁ'mbmm
d deﬂdﬂ:“um(ﬂ@

Try itout. You can turn it off with the AR
button anytime,
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Experiments —Failed Real-World Examples
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Our Chase Savings™ account is loaded with conveniences, including e P B LT R p— Ry R
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+ Account Alerts v — = .
* PLUS Automatic monthly transfers from checking to savings e ] p— = :“':: e o
* PLUS Online access to your accounts virtually 24/7 s s sy | o8 B e — R p— ———
* Use your savings account to help provide overdraft protection on your e g e e T T
linked checking account for added peace of mind [ B | [ Ep—
Expires: 2/25/2019. Account subject to approval. ——— - S Py
IMPORTANT INFORMATION e 5
*Service Fee: Chase Savings™ has no Monthly Service Fee when you do at least one of the followi :

account; OR, Option #2: Have at least one repeating automatic transfer of $25 or more from
owner who is an individual younger than 18; OR, Option #4: Have a linked Chase Premier Plus C/
Fee will . A $5 Savings Withdrawal Limit Fee will apply for each withdrawal or transfer out of
see a or visit chase.com/savings.

Bonus/Account Information: Savings offer is not available to existing Chase savings customers, |
balance. To receive the bonus: 1) Open a new Chase Savings™ account, which is subject to approval
at least a $15,000 balance for 90 days from the date of deposit. The new money cannot be funds he
account within 10 business days. For a Chase Savings *account, the Annual Percentage Yield (APY)
all states. Interest rates are variable and subject to change. Additionally, fees may reduce earning:
last enroliment date and only one bonus per account. The bonus is considered interest and will b
**Account Closing: If the savines account is closed by the customer or Chase within six months al
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