% _Evaluating Binarization
%V for OCR




Genealogical Data

Extraction

e Keying data from
digital images Is
costly.

OCR can be cost-

effective for machine-
printed documents.

OCR projects can be

elivered much more
quickly than keyed
projects.

BEAVER COUNTY

T w ¥ YOUNG AMERICAN PATRIOTS i W ¥

BELL, THOMAS ARTHUR

P, intered Serv. June 28, 1043, Sampeon, N
Tapan, . Ril ., Commendstion Rib, WWI
VieMed, Disch, March 20, 146 Attended Beaver Falls HS,
Protestant, Son of Mr. and Mra. Frank Rell. Husband of Daeathy
Hotran Bell, 1810 Third Ave,, Beaver Falls, Pa,

BENACQUISTO, ERNEST 1.

Age 22, Entered Serv. March 19, 143, Cps. Stoncman,
Frs, Meade, MeClellan; Haws N. Guinea;

wi Comb. Inf. Badpe, As-Fac Rib..
T a3, 15 Attended

iel Renacquisto,

140 Firit Ave, Alquippa, Fa.
RBN\IET‘I‘ ROBERT W.

Army. Born Oer. 13, 1917, Enstered Serv. July E !94\. Cpe,
horme, Patrick Henry 3l

1044 A ] A
14z, Atterded Kiski Prep.  Protestant. Son of Mr. snd A J
Purl Bennett, Indiana, Pa. Husband of Katherine 1), Bennetr, 1345
Washingron Ave,, Monaca, Pa.

BERRY, VIRGIL C.

.-\:»c 27. Entered Serv. Jume 24, 1941. Fis, Benning,
5 Asterbury,  Awnrded GUM, Am. Rib., Am. Def,
I \Tﬂl Disch. Jan. 17, 1945, Ateended Joneshare,
ol Protestant. Son of Mr. Flayd Berry, Jonesharo, Tenn
lluilmud of Sue A. Berey, 187 Linmar Plan, Aliquipps, Pa

BETKE, ALBERT HAROLD
" = Enered Seiv.

AN
\m"dmz Beaver Falls HS.
Betke, 1822 Sixth Ave,

Tis, Ay, Age 28,
England: France: ey Bc warded GCM,
EAME Rib, § BS. Jan. 1, 1046, Attended Lincoln HS.
Catholic. _San of Mr. aud \lrs E|ovJ)o Betteai. llu;hmd of Yelanda
“asciato Rettons, Box g8, Racine, Pa,

‘BIELICH \r[ICHEOL

fa “t. Fasis
m Iinll.m.i { e

, 11, Fr Sam Houston:

France; Germany; Belg:

b. Tnd. Radge, PH, . Unit
t, * BS, Wounded in I\wma-\df June 13, 1944, I Sept.

. 1948, Attended Independence JS Greek (ibodox.  Son of
and Mrs. Rode Biclich, . Iy, Aliquippa, Pa. Hushand of
T ek, 113 Waimat St Afauipae By

BIGELOW, CHARLES V., JR.
ABM ﬂ:”C Mavy. Age 22, Entered Serv. March 3, 1943, Sampson,
Norfolk, Newport, Edenton ; Afria; England ; Toeland ; Nrw(mmdlnml
Italy, Awarded Am. Rib, EAME R"Ia 5 B3, GCM. D¥isch. Feb. 10,
ragh,  Areended Humtinpdoa HS. Protestast. Sen of Mr. and Mrs.
Chnrles V. Bigelow Sr., Aliquippa, Pa. Husbaed of Margarer Bigclow,
1102 Main §t, Aliquippa, Pa.

BOAK, JAMES ALBERT

Pic, Anay. Age 32 Dotered Serv. Dec. 33, wgge. Cp, Croft:
England; France; Gurmany ; Belgium, Awarded GEM, EAME Rib.,
+ BE, Oceup, Med. Disch Jan. 11, 1046, Attended Betver Falls 1S,
Protesanc.” Son of Mrs_ind the e Mr. James M, Bosk, 1708
Sixth Ave., Besver Falls,

BOOK, MARCEL ERNEST
Army. Bom Oct. 29, 1916, Entered Serv, Feb. 19, 1042 Fr.
leml, Salomons; Fhil, Ts. mmd d AsPac Rib, 3 BS
Phil. Lib, Yech. Okt 1, 195, Auended Bevver Falls 115
Cathoic. Son of Mr and the late Mrs. Stanley Book, 1900 Fourth
Ave, Beaver Falls, Pa.
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Image OCR

Scan Process Correction

« Binarization is required for OCR.



Binarization

 The process of converting a color or grayscale
Image to a bitonal (black-and-white) one.
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e Thresholding is turning black every pixel whose

brightness/intensity is below a threshold and turning the

remaining pixels white.
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Comparing Binarizers

Old Binarizer

THE SPAVE OF QUAL

A NETWORK OF CHUNNEL-SIZED AIR.
’l}'l‘ fathomable as the global Internet ramifi

- and ceilings of the hotel and makes d;
suggest that hidden deep within that system
grounds, . Iron Age smithys, wretched prisong
chains, and writhing clumps of snakes. Randy
not a closed loop—that it is somewhere conne
sphere—because faint street smells drift in from
they may take an hour to work their way int
~ been living there for a couple of weeks, the s
an olfactory alarm clock. He sleeps to the-smell
-~ the traffic conditions of Manila require that thg
unload only at night. Manila sprawls along a ¥
~ is an infinite.reservoir .of mugginess, and bec
thick and opaque and hot as a glass of milk

New Binarizer

udder, it begins to glow when the sun rises. A

THE SPAWN OF ONAN

A NETWORK OF CHUNNEL-SIZED AIR
‘|§+ fathomable as the global Internet ramifi

and ceilings of the hotel and makes di
suggest that hidden deep within that system
grounds, Iron Age smithys, wretched prisong
chains, and writhing clumps of snakes. Randy
not a closed loop—that it is somewhere conng
sphere—Dbecause faint street smells drift in from
they may take an hour to work their way int
been living there for a couple of weeks, the s1
an olfactory alarm clock. He sleeps to the smell
the traffic conditions of Manila require that thg
unload only at night. Manila sprawls along a Y
is an infinite reservoir of mugginess, and becq
thick and opaque and hot as a glass of milk
udder, it begins to glow when the sun rises. A

 Different Binarization Algorithms produce
different results.

e What is the best measure of binarization quality?



Comparing Binarizers

¥ 'l V

 Measure quality by counting OCR errors as per
following procedure:
1. Scan the content in grayscale.

Binarize the grayscale images.

OCR-process the binarized images.

Compare the OCR results to the actual text.

Tally the OCR errors.

a kWb



Binarization Error Metrics

Old Binarizer New Binarizer

Added Chars 1128 43
Changed Chars 262 20
Deleted Chars 80 29

Total Errors 1470 92




Binarized Image

1
CRYPTONOMICON 21

believe that a Universal Turing -Maciﬁjne could show behaviors that we
would construe as creative.”- . '

“Well, I don't know thén © . | I'J.l try to keep my eye out for that
kind of thing in the future.” | -z

But later, as they were riding back| towards Princeton, he said, “What
about dreams?” ) .

“Like those angels in Virginia?”

“I guess so.” ‘

“Just noise in the neurons, [aw-rcr:lce."

“Also T dreamed last night that a zeppelin was burning.”

Soon, Alan got his Ph.DD. and went back to England. He wrote Lawrence
a couple -of letters. The last of these stated, simply, that he would not

be able to write Lawrence any moil‘re letters “‘of substance”™ and that
lly.

Lawrence should not take it personally. Lawrence perceived right away
that Alan’s society had put him to work doing something useful—proba-
bly figuring out how to keep it from being eaten alive by certain of its
neighbors. Lawrence wondered what| use America would find for him.
He went back to Iowa State, considered changing his major to mathe-
matics, but didn’t. It was the consensus of all whom he consulted that
mathematics, like pipe-organ restoration, was a fine thing, but that one
needed some way to put bread on the table. He remained in engineering

- and did more and more poorly at it |umj.1 the middle of his senior year, -

when the university suggested that he enter a useful line of work, such
as roofing. He walked straight out of college into the wa.it{ng.anﬂs of
the Navy. [ ) .

They gave him an intelligence telt. The first question on the math
part had to do with boats on a river! Port Smith is 100 miles upstream
of Port Jones. The river flows.at 5 miles per hour. The boat goes through
water at 10 miles per hour. How long does it take to go from Port
Smith to Port Jones? How long to come back?

Lawrence immediately saw that it/ was . trick question. You would
have to be some kind of idiot to rﬁake the facile assumption that the
current would add or subtract 5 miles per hour to or from the speed of
the boat. Clearly, 5 miles per hour was nothing more than the average
speed. The current would be faster in the middle of the river and slower
at the banks. More complicated variations could be expected at bends in
the river. Basically it was a question of hydrodynamics, which could be
tackled using certain well-known systéms of differential equations. Law-
rence dove into the problem, rapidly (or so he thought) covering bath
sides of ten sheets of paper with ca.l‘:l.r}ations. Along the way, he realized

Binarizer Results

OCR Results

CRYPTONDMICON 21

believe that a Universal Turing Machine could show behaviors that
we would construe as creative.”

"Well, I don't know then . B. . I'll try to keep my eye out for that kind
of thing in the future.”

But later, as they were riding back towards Princeton, he said,] "What
about dreams?”

"Like those angels in Virginia?"

"I guess so."

"Just noise in the neurons, Lawrence."”

"Also I dreamed last night that a zeppelin was burning.”

Soon, Alan got his Ph.D. and went back to England. He wrote Lawrence
a couple fof letters. The last of these stated, simply, that he would not be
able to write Lawrence any more letters "of substance” and that
Lawrence should not take it personally. Lawrence perceived right away
that Alan's society had put him to work doing something useful—proba-
bly figuring out how to keep it fromf] being eaten alive by certain of its
neighbors. Lawrence wondered what use America would find for him.

He went back to Iowa State, considered changing his major to mathe-
matics, but didn't. It was the consensus of all whom he consulted that
mathematics, like pipe-organ restoration, was a fine thing, but that one
needed some way to put bread on the table. He remained in engineering
and did more and more poorly at it intil the middle of his senior year,
when the university suggested that hl enter a useful line of work, such as
roofing. He walked straight out of college into the waiting arms of the
Navy.

They gave him an intelligence test. The first question on the math
part had to do with boats on a river] Port Smith is 100 miles upstream of
Port Jones. The river{flows at 5 miies per hour. The boat goes through
water at 10 miles per hour. How lng does it take to go from Port Smith
to Port Jones? How long to come back?

Lawrence immediately saw that it was a trick question. You would
have to be some kind of idiot to make the facile assumption that the
current would add or subtract 5 miles per hour to or from the speed of
the boat. Clearly, 5 miles per hour was nothing more than the average
speed. The current would be faster in the middle of the river and slower
at the banks] More complicated variations could be expected at bends in
the river. Basically it was a question of hydrodynamics, which could be
tackled using certain well-known systems of differential equations. Law-
rence dove into the problem, rapidly (or so he thought) coveflingfboth
sides of ten sheets of paper with calculations. Along the way, le realized




New Binarizer Results

Binarized Image
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believe that a Universal Turing Machine could show behaviors that we
would construe as creative.”

“Well, T don’t know then . . . I'll try to keep my eye out for that
kind of thing in the future.”

But later, as they were riding back towards Princeton, he said, *“What
about dreams?"”

“Like those angels in Virginia?”

“I guess so.”

“Just noise in the newrons, Lawrence.”

“Also I dreamed last night that a zeppelin was burning.”

Soon, Alan got his Ph.D. and went back to England. He wrote Lawrence
a couple of letters. The last of these stated, simply, that he would not
be able to write Lawrence any more letters “of substance” and that
Lawrence should not take it personally. Lawrence perceived right away
that Alan’s society had put him to work doing something useful—proba-
bly figuring out how to keep it from being eaten alive by certain of its
neighbors. Lawrence wondered what use America would find for him.

He went back to Towa State, considered changing his major to mathe-
matics, but didn’t. It was the consensus of all whom he consulted that
mathematics, like pipe-organ restoration, was a fine thing, but that one
needed some way to put bread on the table. He remained in engineering
and did more and more poorly at it until the middle of his senior year,
when the university suggested that he enter a useful line of work, such
as roofing. He walked straight out of college into the waiting arms of
the Navy.

They gave him an intelligence test. The first question on the math
part had to do with boats on a river: Port Smith is 100 miles upstream
of Port Jones. The river flows at 5 miles per hour. The boat goes through
water at 10 miles per hour. How long does it take to go from Port
Smith to Port Jones? How long to come back?

Lawrence immediately saw that it was a trick question. You would
have to be some kind of idiot to make the facile assumption that the
current would add or subtract 5 miles per hour to or from the speed of
the boat. Clearly, 5 miles per hour was nothing more than the average
speed. The current would be faster in the middle of the river and slower
at the banks. More complicated variations could be expected at bends in
the river. Basically it was a question of hydrodynamics, which could be
tackled using certain well-known systems of differential equations. Law-
rence dove into the problem, rapidly (or so he thought) covering both
sides of ten sheets of paper with calculations. Along the way, he realized

OCR Results (No Errors)
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believe that a Universal Turing Machine could show behaviors that
we would construe as creative.”

"Well, I don't know then . . . I'll try to keep my eve out for that kind
of thing in the future.”

But later, as they were riding back towards Princeton, he said, "What
about dreams?”

"Like those angels in Virginia?”

"I guess s0.”

"Just noise in the neurons, Lawrence.”

"Also I dreamed last night that a zeppelin was burning.”

Soon, Alan got his Ph.D. and went back to England. He wrote Lawrence
a couple of letters. The last of these stated, simply, that he would not be
able to write Lawrence any more letters "of substance” and that
Lawrence should not take it personally. Lawrence perceived right away
that Alan's society had put him to work doing something useful—proba-
bly figuring out how to keep it from being eaten alive by certain of its
neighbors. Lawrence wondered what use America would find for him.

He went back to Iowa State, considered changing his major to mathe-
matics, but didn't. It was the consensus of all whom he consulted that
mathematics, like pipe-organ restoration, was a fine thing, but that one
needed some way to put bread on the table. He remained in engineering
and did more and more poorly at it until the middle of his senior vear,
when the university suggested that he enter a useful line of work, such as
roofing. He walked straight out of college into the waiting arms of the
Navy.

They gave him an intelligence test. The first question on the math
part had to do with boats on a river: Port Smith is 100 miles upstream of
Port Jones. The river flows at 5 miles per hour. The boat goes through
water at 10 miles per hour. How long does it take to go from Port Smith
to Port Jones? How long to come back?

Lawrence immediately saw that it was a trick question. You would
have to be some kind of idiot to make the facile assumption that the
current would add or subtract 5 miles per hour to or from the speed of
the boat. Clearly, 5 miles per hour was nothing more than the average
speed. The current would be faster in the middle of the river and slower
at the banks. More complicated variations could be expected at bends in
the river. Basically it was a question of hydrodynamics, which could be
tackled using certain well-known systems of differential equations. Law-
rence dove into the problem, rapidly (or so he thought) covering both
sides of ten sheets of paper with calculations. Along the way, he realized
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Binarizer Pre-Selection

Methods

e Test binarizers on sample set, comparing results
to actual data.
— Cost of generating full data for sample set.
— Good data accuracy metrics.

e Test binarizers on sample set, comparing results
to each other and comparing differences to
sample documents.

— Only need actual data for differences.
— No metrics for actual data accuracy.



 Run multiple binarizers and run OCR on
each resulting bitonal image.

e Calculate page confidence metric from
OCR data and choose page output with
greatest confidence.

 OR Choose on per-character basis using
character confidence metrics.

— E.g. ‘D’ with confidence 6, or ‘O’ with
confidence 8.




Conclusion

« OCR Is an important way to increase
genealogical content production at low cost.

 Many binarizers exist; each has different
characteristics.

 To maximize OCR quality for a project, the
appropriate binarizer should be used.

 We will investigate several approaches for
determining which binarization to use.






Page 21 Grayscale

CRYPTONOMICON 21

believe that a Universal Turing Machine could show behaviors that we
would construe as creative.”

“Well, I don’t know then . . . I'll try to keep my eye out for that
kind of thing in the future.”

But later, as they were riding back towards Princeton, he said, “What
about dreams?”

“Like those angels in Virginia?”

“I guess so.”

“Just noise in the neurons, Lawrence.”

“Also 1 dreamed last night that a zeppelin was burning,”

Soon, Alan got his Ph.D. and went back to England. He wrote Lawrence
a couple of letters. The last of these stated, simply, that he would not
be able to write Lawrence any more letters “of substance” and that
Lawrence should not take it personally. Lawrence perceived right away
that Alan’s society had put him to work doing something useful—proba-
bly figuring out how to keep it from being eaten alive by certain of its
neighbors. Lawrence wondered what use America would find for him.

He went back to lowa State, considered changing his major to mathe-
matics, but didn’t. It was the consensus of all whom he consulted that
mathematics, like pipe-organ restoration, was a fine thing, but that one
needed some way to put bread on the table. He remained in engineering
and did more and more poorly at it until the middle of his senior year,
when the university suggested that he enter a useful line of work, such
as roofing. He walked straight out of college into the waiting arms of
the Navy.

They gave him an intelligence test. The first question on the math
part had to do with boats on a river: Port Smith is 100 miles upstream
of Port Jones. The river flows at 5 miles per hour. The boat goes through
water at 10 miles per hour. How long does it take to go from Port
Smith to Port Jones? How long to come back?

Lawrence immediately saw that it was a trick question. You would
have to be some kind of idiot to make the facile assumption that the
current would add or subtract 5 miles per hour to or from the speed of
the boat. Clearly, 5 miles per hour was nothing more than the average
speed. The current would be faster in the middle of the river and slower
at the banks. More complicated variations could be expected at bends in
the river. Basically it was a question of hydrodynamics, which could be
tackled using certain well-known systems of differential equations. Law-
rence dove into the problem, rapidly (or so he thought) covering both
sides of ten sheets of paper with calculations. Along the way, he realized



Binarization Example

Old Binarizer

New Binarizer

IcoN . 37

together. . .
Patrol had given Bobby Shaftoe
his comrades, and so he. resmted

ulder to shoulder, ready to die
his forearm: a dragon. His dirty

Shaftoe said, pronouncing the

y now.” The chef held up one

- the window. He already lknew‘

made a rasping sound in ‘the

{ICON | 37

| y now.” The chef held up one
. [together.

Patrol had given Bobby Shaftoe

||his comrades, and so he resisted
-|[ the window. He already knew
~|hulder to shoulder, ready to die
.| |his forearm: a dragon. His dirty

made a rasping sound in the

"|[Shaftoe said, pronouncing the




Binarization Example

Old Binarizer

@EIE@F%H&H

llllllllllllllllllllllllllllllllllllllllll

RESPECT THE
* Manila. As so
trouble.

For the first couple
of walking. He walked

New Binarizer

PEDESTHIAN

..........................................

RESPECT THE
Manila. As so
trouble.

For the first couple
of walking. He walked
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