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Researchers and developers might do far more with 
digital images at all stages of digitization and use, 
and that attention to the digital images will yield 
greater understanding across a range of domains



Much to learn about the materials themselves as 
well as about process: (1) values we bring to 
digitization and those that get enacted through 
digitization, and (2) how current work extends 
from those values in maintaining the original items



Studying these processes can function as a form of 
social and cultural history: how society and culture 
are captured in collecting and in technology



Exploration and study of digital images of historic 
materials as a mode of asking questions about the 
materials of many forms: physical originals, 
microform duplications, digital copies, represented 
as images, text, and metadata



What might we learn about digital collections of 
cultural heritage materials, and how might we 
augment use and access of these collections, if we 
focus on the digital images being created as 
librarians, archivists, museum professionals, and 
others are digitizing cultural heritage materials? 



POETRY



IMAGE PROCESSING

Generate data about visual features from the 
newspaper pages and then use those extracted 
features within a computational system called an 
artificial neural network



Page 

Segmentation
Digital 

Newspaper 

Pages

Image 

Snippets
Pre-Processing

Feature 

Extraction
Numeric 

Vectors

Classifier
Training 

Results

Binary 

Consolidated  

Snippets

Neural Network 

Training

Lorang et al., DLib Magazine, 2015



CASE STUDY

Test the effectiveness of our first-generation 
approach on page images from Chronicling America 
from 1836-1840 (8,000 pages, downloaded in 2016) 

The results lagged well behind what we saw in our 
smaller proof-of-concept project 



NOISE

good quality bleed-through low contrast occluding “blobs”



IMPROVED APPROACH

Improve our binarization of the image into "object" 
and "background" information (represented as black 
and white pixels, respectively) and extract visual 
structures with a noise-tolerant text line 
segmentation approach 



Results from Initial Approach

good quality bleed-through low contrast occluding “blobs”



Results from Improved Approach

good quality bleed-through low contrast occluding “blobs”
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ALTERNATIVE APPROACH

Use deep learning via a convolutional neural 
network, without having to perform feature 
extraction at all

Initial results of accuracy achieved 92.4% 

precision = 92.8%; recall = 91.9%
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Initial Approach vs. Alternative Approach
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LAYOUT ANALYSIS



LAYOUT ANALYSIS

Layout analysis and zoning performed by OCR systems as a pre-
processing step for text recognition

E.g., built in to OCR web services such as ABBYY Cloud and in 
the open source Tesseract OCR engine

Some of this zoning information is maintained in the OCR XML 
files made available through Chronicling America: 

Zoning coordinates for strings, text lines, some larger text 
blocks, and page-level information

Layout analysis and zoning remaining challenging for 
historic newspapers and periodicals, particularly those with 
dense and mixed layouts



newspaper page from 

Chronicling America

zones identified by Abbyy

FineReader

text blocks recorded in OCR XML 

on Chronicling America



challenges to zoning: 

damage & noise

challenges to zoning: contrast 

and range effect



CORPUS-WIDE ANALYSIS



sn82016416_1834-11-29_ed-1_seq-4 sn83045348_1871-09-15_ed-1_seq-3sn90059649_1916-08-04_ed-1_seq-8



Newspaper page showing 

high contrast

Newspaper page showing 

average contrast

Newspaper page showing 

low contrast



Newspaper page showing 

high range-effect

Newspaper page showing 

average range-effect

Newspaper page showing 

no range-effect



Newspaper page showing 

severe orientation skew

Newspaper page showing 

some orientation skew

Newspaper page showing 

no orientation skew



Newspaper page showing 

severe bleed-through

Newspaper page showing 

some bleed-through

Newspaper page showing 

no bleed-through



Newspaper page showing 

severe noisiness

Newspaper page showing 

some noisiness

Newspaper page showing 

no noisiness



EVALUATION FEATURES

Calculated and analyzed each page and grouped 
results by language for several features:

Contrast

Range effect

Orientation skew

Noise
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ANALYSIS: 
CONTRAST, RANGE EFFECT
Most newspapers have contrast values between 40 and 
80, with contrast > 30 demonstrating good contrast

 The lower the contrast value, the worse the contrast

 ~ 6-7% images have bad contrast

Range effect becomes challenging when > 3

 The ideal value for range effect is 0 (= no range effect is present)

~ 25% images have challenging range effect
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CONTRAST: 

NORWEGIAN
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RANGE EFFECT: 

NORWEGIAN
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CONTRAST: POLISH
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RANGE EFFECT: 

POLISH

0

20

40

60

80

100

1
8

3
4

1
8

3
9

1
8

4
4

1
8

4
9

1
8

5
4

1
8

5
9

1
8

6
4

1
8

6
9

1
8

7
4

1
8

7
9

1
8

8
4

1
8

8
9

1
8

9
4

1
8

9
9

1
9

0
4

1
9

0
9

1
9

1
4

1
9

1
9

CONTRAST: 

ENGLISH

0

1

2

3

4

5

1
8

3
4

1
8

3
9

1
8

4
4

1
8

4
9

1
8

5
4

1
8

5
9

1
8

6
4

1
8

6
9

1
8

7
4

1
8

7
9

1
8

8
4

1
8

8
9

1
8

9
4

1
8

9
9

1
9

0
4

1
9

0
9

1
9

1
4

1
9

1
9

RANGE EFFECT: 

ENGLISH



ANALYSIS 2: 
CONTRAST, RANGE EFFECT
Contrast in all languages is pretty consistent; nor does 
it change drastically over time

Range effect, on the other hand, not only varies across 
the different languages, it also changes over time for 
each language



Range Effect Histogram

Contrast Histogram



ANALYSIS 3: 
CONTRAST, RANGE EFFECT
From the histograms:

The data on Contrast are fairly symmetric, while the 
Range Effect data are right-skewed

A lot of outliers in our Range effect data

The presence of outliers in our range effect data 
indicate that the mean (average) would not provide a 
good estimate:  instead, median would give us a 
good estimate to evaluate the center of the data 
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ANALYSIS: 
ORIENTATION SKEW
Global orientation skew of the pages in the set

A more effective measure is likely to be local skew, 
relative to particular parts of the page, or other 
measures of warpedness or beveled nature of the 
page. 
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Test Set
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ORIENTATION SKEW: 

ENGLISH
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ORIENTATION SKEW: 

POLISH
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ANALYSIS: 
NOISINESS
Assessing effects of bleed through, blobs (e.g., stains), and other 
non-textual artifacts

Defects or degradations of a page, or of the digitization process

Based on histogram analysis—of pixels’ intensity values—of each 
page

Our current technique:

 If an image is deemed noisy, then it is indeed noisy

 If an image is deemed NOT noisy or of low noise then it is either 
(1) indeed NOT noisy or of low noise, or (2) of poor contrast
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ANALYSIS: 
CHARACTERS, LINES, ZONES
Compute the number of characters, lines, and zones 
using zoning technique

As a way to begin measuring both complexity and 
density of the textual content on the page



29417.71429

16541.61905

285.7142857

0

5000

10000

15000

20000

25000

30000

35000

Characters Lines Zones

Italian

22528.75

13914.54

164.72

0

5000

10000

15000

20000

25000

Characters Lines Zones

Spanish

32001.325

21611.375

390.9

0

5000

10000

15000

20000

25000

30000

35000

Characters Lines Zones

Polish

29842.63158

17512.73684

192.4736842
0

5000

10000

15000

20000

25000

30000

35000

Characters Lines Zones

Czech









ANALYSIS 2: 
CHARACTERS, LINES, ZONES
Numbers of characters, lines, and zones vary across 
newspapers of different languages

Polish, Italian, Czech: more characters per page than Spanish

 Italian, Polish: more zones per page than Spanish, Czech

Polish-language newspapers had more outliers; Italian-
language newspapers more consistent
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ANALYSIS 3: 
CHARACTERS, LINES, ZONES
Italian- and Czech-language newspapers had more 
characters per line

Does it mean they had more compact typesetting?

To investigate further: average length of lines

Spanish-language newspapers had more lines per zone

 Does it mean Spanish-language newspapers had more uniform 
layouts such that a detected zone was not broken up into multiple 
smaller zones?

 To investigate further: average size of zones


