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IMAGE TEXT REPLACEMENT

FIG. 4 is a How diagram depicting a procedure in an exem

plary implementation in Which second language text replaces
original image text.

BACKGROUND

DETAILED DESCRIPTION

Text and textual information proliferates everyday life.
Text presented in everyday life and in images may be incom
prehensible for several reasons. For example, people suffer

OvervieW
Techniques are described to implement text image

ing from poor vision or diseases of the eye may have dif?culty
reading text. In other instances, the text is incomprehensible
because the reader does not understand the language.
A person suffering from poor visual acuity may not be able

Within a captured image may be converted into process

to discern the characters forming the text, in a picture or

converted to Unicode text Which may be processed by a
computer. The process capable text may be used to generate a

enhancement. According to these techniques, original text
capable text. For example, original text in a pixilated image is

video, from the background of the text. Visually discerning

text image of the process capable text, With the text image
augmenting the original image to form an enhanced image. In
further techniques, the process capable text is translated from

text may be additionally dif?cult if the text is scripted, too
small for observation (even for someone With normal vision),
poorly Written (presented), and so on. Languages Which use
many characters may be particularly dif?cult for people hav
ing poor vision as the reader may have to differentiate
betWeen several similar characters. The “Written” or textual

a ?rst human language into a second human language to
20

provide a text image in the second human language. The
foregoing techniques may be used to provide an image Which

Chinese and Japanese languages may be particularly dif?cult

promotes text comprehension over that of the text in the

as a large number of symbols are used to convey information,
in comparison to Western languages in Which a limited num
ber of characters are implemented in a Wide variety of com
binations in order to communicate.

may be used to translate foreign language text for images or in
near real-time. A variety of other implementations are also
contemplated, further discussion of Which may be found in

original image. In further implementations, the techniques
25

the folloWing discussion.
In the folloWing discussion, an exemplary environment is
?rst described that is operable to implement image text

For persons unfamiliar With the language, non-comprehen
sion occurs as the person does not posses the underlying

knowledge of What information is being communicated. For
example, a person conversant in the Written English language
may not understand French text. This comprehension issue

30

may be particularly troublesome for people traveling in for
eign countries. For example, a tourist traveling through
Europe may be confronted With road-signs, menus, billboards

enhancement. Exemplary procedures are then described that
may be employed in the exemplary environment, as Well as in
other environments.

Exemplary Environment
FIG. 1 is an illustration of an environment 100 in exem

or other text in several unfamiliar languages.
35

plary implementations employing a system con?gured to
implement image text enhancement. While the present imple
mentation is directed to a camera 102, other suitable devices

SUMMARY

include video cameras, cellular phones and smart phones

having image functionality, a “heads-up” display for a
vehicle, at least partially included in a computing device,

Image text enhancement techniques are described. In an

implementation, graphically represented text included in an
original image is converted into process capable text. The

40

process capable text may be used to generate a text image

included in a Wearable device, such as a pair of glasses, and so
on.

In the discussed implementation, a capture device 104 is

Which may replace the original text to enhance the image. In
further implementations the process capable text may be

included for obtaining an image. For instance, the capture
device 104 may capture an image by using an optical detector

translated from a ?rst language to a second language for
This Summary is provided to introduce a selection of con
cepts in a simpli?ed form that are further described beloW in

having an array of light sensitive receptors to generate an
image ?le. For discussion purposes, an image 105 including a
car, a tree, and a street sign With original text is discussed.

the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed sub

Further, the optical detector may vary according on the design
preferences and the type of image desired.

inclusion in the enhanced image.

ject matter, nor is it intended to be used as an aid in determin

45

50

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description is described With reference to the

While an integrated camera 102 is described, in other

implementations, the system is included in a separate physi

ing the scope of the claimed subject matter.

55

cal device from the capture device 104. For example, a stan
dard digital camera may obtain an image ?le Which is subse
quently transferred to a computer for image text
enhancement. The ?le image may be transferred via a

accompanying ?gures. In the ?gures, the left-most digit(s) of

memory card, communicated over a physical link or a Wire

a reference number identi?es the ?gure in Which the reference

less link, transferred via computer readable media, and so on.
A capture module 106 may be implemented to obtain an

number ?rst appears. The use of the same reference numbers

in different instances in the description and the ?gures may
indicate similar or identical items.
FIG. 1 is an illustration of an environment in an exemplary

image or a frame included in a video ?le for enhancement. In
60

frames for text enhancement. For a video, the capture module
106 may obtain one or more frames (e. g., individual images)
as desired for enhancement. For example, the capture module
106 may select individual frames for capture, select sequen

implementation that is operable to implement image text
enhancement.
FIG. 2 is an illustration of an exemplary image text replace
ment output.
FIG. 3 is a How diagram depicting a procedure in an exem

plary implementation in Which an image is enhanced.

other situations, the capture module 106 obtains multiple

65

tial frames, select a ?rst frame in a sequence or permit user

designation. A ?rst frame may be based on a detectable image
change, such the ?rst occurrence of a billboard in a video.
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An image ?le, Whether a still image or a video image, may
de?ne the underlying subject matter as an arrangement of

second human language text. Suitable natural language algo

pixels having varying intensities, color, packing density, and

rithm methodologies may include, but are not limited to, one
or more of the of the folloWing methodologies in the algo

so on. In the discussed example, the characters forming the

rithm: statistical text recognition, lookup tables or databases,

original street sign text “Wilhelmstra[3e” 107 may be retained

arti?cial intelligence learning, predictive language modeling,

as a series of “dots” Which form the letters. While a pixel

pattern recognition, Good-Turing methodologies, and so on.
For example, if the process capable text is in French, the

graphical system is described, other suitable graphical meth
odologies include vector graphics and so on.

translation module 112 may convert the process capable text

Additionally, the capture module 106 may manipulate the
image to promote text recognition. For instance, the capture
module 106 enhances the image by applying a Fourier trans
form, adjusting contrast, and so on. The foregoing techniques

into English based on statistical text analysis. Additionally,
symbols occurring in the image may be implemented to pro
vide context to enhance text recognition and accuracy.

For example, the translation module 112 is con?gured to
translate the characters “de l’essence” into the English char
acter equivalent of “gas.” In this case, the translation is based
on arrangement and the characters forming the text “de
l’essence” and the inclusion of the term “de l’essence” Within

are applied While the original text is encoded as an image to

promote text recognition. For example, the capture module

106 may improve the image by removing “bleeding” around
the edge of the letter to provide a sharp contrast betWeen the

pixels forming the character and image background.
A text detection module 108 may be included for accessing
an image ?le directly, or if a capture module 106 is used, the
captured image may be forWarded to the text detection mod

the original image. In regard to the example discussed With
respect to FIG. 1, the text “Wilhelmstra[3e” 107 may be trans
20

ule 108. In other cases, the captured images (stored as image
?les) are stored in memory 110 for subsequent access.

The text detection module 108 may optically recogniZe the
presence and the characters included in the original text. For

example, the text detection module 108 optically recogniZes

25

an alphabetic letter or language symbol based on the charac
ter’s boundary or outline. Thus, a pixilated letter “A” may be
recogniZed based on periphery or edges of the character.
Other suitable methodologies include, but are not limited to,
one or more of neural netWork trained classi?er, Category

30

Speci?c Extremal Region (CSER) Detection, detecting pat
terns, geometrical determination, texture estimation, contour

based detection, detecting shapes belonging to categories,
and so on. For example, a neural netWork trained classi?er

may recogniZe an image text region based on the included text

35

shapes.
The text detection module 108 may generate process

To increase system e?iciency, a user may select a predicted
?rst language. Thus, While the user may not be able to recog
niZe the underlying text information he/ she may be able to
input a “likely” ?rst language such as “French” (as the user
knoWs he/ she is in France or has made some other observa
tion) and direct the translation module 1 12 to translate the text
Within the image into English. If no suitable translation or
match is found, the translation module 112 may provide a

user Warning and/or expand the search. The ?rst language
may be determined using a character Which may distinguish
the language, such as the EsZett or “B” Which may identify the
text as Germanic. In other instances, translation may be based
on the character itself, such as When translating from Chinese

to English.
Furthermore, the translation module 112 may be con?g
ured to recogniZe terms associated With trademarks, brand
names, proper names and the like. For example, a database of
proper names and trademarks is searched to identify text

capable text Which corresponds to the recogniZed original
text. For example, using optical edge recognition, the text
detection module 108 recogniZes the presence of the Word
“right” based on the inclusion and arrangement of the char

lated into the English equivalent of “Wilhelm Street.”

40

acters "r”-“i”-“g”-“h”-“t” in the image.

Which may be maintained in the ?rst language. For example,
proper names in the English language may be recogniZed by
a capital character or a series of adjacent Words having capital

lying encoded data permits computer manipulation of the

letters.
An output module 114 may be included to output an
enhanced image. FIG. 2 illustrates an exemplary output dis

content as text. For example, Unicode text may permit a

45 played on a video screen included on the camera 102. The

Process capable text may include text in Which the under

computer to recogniZe the underlying l6-bits as representing

enhanced image 204 may include a text image 206 of the

a particular human language character, thereby permitting

process capable text included in place of the original text,
added as an augmentation to the original image. Augmenting

computer manipulation. In this Way, a Word processing pro
gram or other application may handle the letter “A” as part of
a language schema, in contrast to a graphical system in Which
the language character is designated as an arrangement of
pixels. For example, the text detection module 108 may rec

50

may include adding the text image as a text balloon 208 to the
enhanced image 204 and so on.

Upon user initiation, the output module 114 may query the
text detection module 108 for the process capable text. In

ogniZe original text “Right Turn” and generate Unicode text
“Right Turn”. In further examples, process capable text may
include formats Which are based on Unicode text such as 55

other implementations, the process capable text is forWarded
to the output module 114, if the user has previously selected
image text enhancement. Once the process capable text is

Unicode Transformation Format (UTF) 8, UTF-7, UTF-32

obtained, and translated (if applicable), the output module

(UCS-4), and so on. For example, a Unicode character (text)
corresponds to underlying “16 bits” Which a computer may

114 may generate a text image of the process capable text. For
example, the output module 114 may generate a bit map of the

process as a symbol, rather than as a collection of pixels. In

further implementations, the text detection module 108 may

60

map of the phrase “Right Turn Ahead” so that the bit map text
image is located in place of original text. While a bit map is
described, other images are available. For example, a text
image is provided as a vector graphic image to minimize

present a user override prompt, Which alloWs a user to over

ride the module function, or may provide a con?dence level
for the text conversion.
A translation module 112 may be included to translate the
process capable text from a ?rst language to a second lan
guage. The translation module 112 may implement a natural

language algorithm to translate ?rst human language text into

process capable text for inclusion in the original image. In
another example, the output module 114 may generate a bit

65

magni?cation issues. Thus, an enhanced image may include
the text image, generated from the process capable text, in
place of the original text included in the image.

US 7,912,289 B2
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In accordance with design and user preferences, the output
module 114 may vary the text image in the following respects

capable of manipulation by a computer. For example, process
capable text may include text in which the underlying
encoded data permits computer manipulation of the content

(in comparison to the original text): enlarged font siZe, pro

as text in contrast to a pixel image format in which the char
acters are manipulated as a collection of pixels or image

vided in a different color scheme, provided in a different font,

provided as a balloon overlay, enlarged text region, changed
orientation, selected equivalent words with fewer characters,

components.

and so on to promote readability over the original text. Addi

tionally, the output module 114 may include an “enhance
ment warning” on the enhanced image. For example, an
enhancement warning is provided on the boarder of a printed
copy of the enhanced image. Additional information may be

Furthermore, the procedure may allow a user to designate
only a portion of the text for enhancement. For example, a
user may designate conversion of a portion of the text. In other
situations, the method may accept user input to override the
detected text. For example, if the converted text permits for

included as well. For example, a text detection or translation

multiple interpretations a list of possible selections may be

con?dence level may be included as a printed image border
annotation.
In further implementations, the output module 114 anno
tates the enhanced image with process capable text. For
example, the output module 114 may include an overlay with
process capable text 210 to promote identi?cation.
Generally, any of the functions described herein can be

presented for user selection or to provide a con?dence level

implemented using software, ?rmware, hardware (e.g., ?xed

associated with the conversion.
The process capable text may be translated 306 from a ?rst
language to a second language. For example, the converted
process capable text may be translated from a ?rst human
language (such as German) to a second human language

(such as English). The translation may be accomplished using
20

logic circuitry), manual processing, or a combination of these

implementations. The terms “module,” “functionality,” and
“logic” as used herein generally represent software, ?rm

table or database, predictive language modeling, pattern rec
ognition, and so on. A user may designate one or more of the

languages. For example, while a user may not be able to

ware, hardware, or a combination thereof. In the case of a

software implementation, for instance, the module, function
ality, or logic represents program code that performs speci?ed

a wide variety of techniques which may include, but are not
limited to, a natural language translation algorithm, a look-up

25

comprehend Russian, he/ she may be able to designate an
expected or predicted ?rst human language based on where

tasks when executed on a processor (e. g., CPU or CPUs). The

he/ she is located or on other factors in order to increase

program code can be stored in one or more computer readable

translation ef?ciency over an undesignated language. Addi
tionally, the user may designate the second language accord

media, memory devices, e.g., memory. The module may be
formed as hardware, software, a hybrid of hardware and soft

30

ing to his/her preference.

ware, ?rmware, stored in memory, as a set of computer read

In implementations, a text image is generated 308 of the

able instructions embodied in electronically readable media,

process capable text. Suitable text images may include, but
are not limited to, bitmaps, vector graphics, pixel images, and
other graphical formats generated from the process capable

etc.

A variety of techniques may be used to enhance image text,
further discussion of which may be found in relation to the

35

following exemplary procedures.
Exemplary Procedures
The following discussion describes methodologies that
may be implemented utiliZing the previously described sys
tems and devices. Aspects of each of the procedures may be

the pixilated text included in the original image. If the original
40

image text was presented in a sloping fashion, the text image
of the process capable text may be provided in a similar
manner with the text enhanced in comparison to the text in the

45

original image. Generating 308 an image of the process
capable may permit customiZation of the resultant image such
as by, enlarging font siZe, providing a different color scheme,
using a different font, providing a balloon overlay, enlarging
the text region, change the text orientation, selecting gener

implemented in hardware, ?rmware, or software, or a com
bination thereof. The procedures are shown as a set of blocks

that specify operations performed by one or more devices and
are not necessarily limited to the orders shown for performing

the operations by the respective blocks. A variety of other
examples are also contemplated.
Referring to FIG. 3, image text enhancement procedures
are discussed. An original image including original text may
be captured 302 via a captured device, such as a camera, a
video camera. The original image may be included in an

ally equivalent words with fewer characters, and so on.

An enhanced image may be formed by augmenting 310 the

original image with the generated text image. For example,
the text image may be placed in the region in which the
50

image ?le which retains the image in a graphical format. For
example, the image is retained as a series of pixels. The image
?le may be stored on computer readable media, stored in

In further implementations, process capable text may be
provided as a layer over the original image or over an
55

within the text, the edges of the characters, and so on. The
conversion may result in Unicode or other text which is

enhanced image. Including a process capable text overlay
may permit searching, permit presentation or printing of the
unmodi?ed original image, and so on. For example, an origi
nal image is annotated 312 with a process capable text so that
a user may search the text to ?nd a particular vacation picture

so on to increase the likelihood of text enhancement over the

text appearing in the captured image.
The original text within the image may be converted 304
into process capable text. For example, the pixilated text “de
l’essence” is detected in an original image and converted into
computer recogniZable text corresponding to “de l’essence”.
As discussed above, a variety of detection techniques may be
used to identify the text within the original image. For
example, the text appearing in pixel format may be converted
into process capable text based on the shape of the characters

pixilated text appeared in the original image. The text image
may be overlaid over an unmodi?ed original image.

memory or communicated as desired. In implementations,

the image is enhanced to improve image clarity, contrast and

text. For example, a text image is generated 308 so that the
process capable text appears in the same general fashion as

60

(including text). The user may additional select to print out
the picture with or without the process capable text.
Other suitable annotations may include, but are not limited

to, text balloons, audio annotations, image manipulation

warnings, highlighted portions. Depending on design prefer
ences, the annotations may be provided as process capable
65 text, as an audio clip, and so on.

The enhanced image may be output 314 as desired. The
enhanced image may be output 314 on a video screen, printed

US 7,912,289 B2
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as an image, communicated or stored for later presentation.

ences, the annotations may, but are not limited to, process
capable text or an audio annotation.

For example, the enhanced image may be automatically out

A text image of the process capable text may be included in

put on a screen included associated With the system.

the captured image in place of the recogniZed text. For
example, a video image output 410 of the captured image
With the text image inserted in place of the recogniZed text is

Referring to FIG. 4, further implementations are discussed
in Which image text enhancement, over the text appearing in

a captured image, is performed. The computer-executable

displayed on a video monitor. The output 410 may be cus

instructions and the procedures discussed herein may be

tomiZed so that the text image is graphically represented in a
manner similar to the optically recogniZed text. For example,

applied by a Wide variety of physical devices having process
ing capability. Suitable devices include, but are not limited to,

if the optically recogniZed text Was angled in the captured
image, a printed output image includes a bitmap of the text
image displayed at an angle. While the text image may be

cameras, video cameras, heads-up displays, personal digital
assistants, cell phones and smart phones having image func
tionality, image captured devices. For example, a camera may
capture 402 an original image including text.
The procedure and the computer-executable instructions
implementing the procedure may cause a computer to opti
cally recogniZe 404 text characters included in a captured

presented in a similar manner as the optically recogniZed text,

the text image generated from the process capable text may be
further enhanced to promote readability. Text image enhance
ments may include an enlarged font siZe, provided in a dif
ferent color scheme, provided in a different font, provided as

image. For example, the instructions implement CSER detec

a balloon overlay, enlarge the text region, change the orien
tation, select equivalent Words With feWer characters, and so

tion to extract text characters included in an image ?le. Opti

cal recognition 404 may result in the generation of Unicode

20

text or other computer text recogniZed from the image text.
For example, a text region of an image is extracted and the

Unicode equivalent of the image text is provided for further
manipulation. Other suitable optical text recognitions tech

image Which is inserted in place of the recogniZed text. If

niques may be based on one or more of neural netWork trained 25

classi?er, detecting patterns, geometrical determination, tex
niZe image text. Thus, billboard text, included in an image
?le, may be optically recogniZed 404 and implemented as

lated or in other graphical formats as desired.
30

Conclusion

Although the invention has been described in language
speci?c to structural features and/or methodological acts, it is

language to a second language. While a natural language

algorithm is discussed, the computer-executable instructions
may use other translation techniques, such as one or more of

the of the folloWing, statistical text recognition, lookup tables
or text databases, arti?cial intelligence learning, predictive

translation is not desired, the program of instructions may use
the process capable text as the basis for the text image. In the
previous case, a text image is created from the process

capable text and is inserted in place of the initially recogniZed
image text for output 410. Suitable text images may be pixi

ture estimation, contour based detection, and so on to recog

Unicode text or other process capable text.
The process capable text may be translated 406 from a ?rst

on to promote readability over the original text.
If translation has been selected, a text image of the second
language process capable text is utiliZed as the basis of a text
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to be understood that the invention de?ned in the appended
claims is not necessarily limited to the speci?c features or acts
described. Rather, the speci?c features and acts are disclosed
as exemplary forms of implementing the claimed invention.

language modeling, pattern recognition, Good-Turing meth
What is claimed is:

odologies, and so on. Also, in instances, text from the ?rst
language may be converted to symbols or icons in the second

language related culture. For instance, a stop sign containing

1. A method comprising:
40

the text STOP is used on roads in some countries While others

use a plain red octagon as a stop sign. Thus, translation may
produce the icon or symbol as its output either in a process
capable representation or as a bitmap. In the previous
example, the translation may result in the use of a plain
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octagon as this symbol may be recogniZed by a culture

employing the second human language.
For instance, upon recognition, a natural language algo
rithm translates 404 the process capable text from English to
Russian text. In this Way, the English Unicode text is trans
lated into Russian Unicode text. Translation 404 may be
based on the character itself, spacings betWeen characters,
capitaliZed characters, Words, phrases, and so on. A user may
select the target translation language and/or may input a pre
dicted or expected ?rst language.
In further implementations, process capable text may pro
vide a layer or other annotation 408 over the original image.
Including an annotation such as process capable text overlay
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to, text balloons, audio annotations, image manipulation

Warnings, highlighted portions. Depending on design prefer

least one of the text image or the process capable text to
form an enhanced image.
2. The method as described in claim 1, further comprising
translating the process capable text from at least one of a ?rst
human language into a second human language, such that the
text image is in the second human language, or from a ?rst

employing the second human language.
55

3. The method as described in claim 2, Wherein the at least
one of the text image or the process capable text is inserted in

the image in place of the graphic text.
4. The method as described in claim 3, Wherein the text

image is a bitmap ofa symbol.
60

5. The method as described in claim 1, Wherein the

enhanced image is annotated With the process capable text.
6. The method as described in claim 1, Wherein the
enhanced image is annotated With at least one of a text bal

(including text). The user may additional select to print out
the picture With or Without the process capable text.
Other suitable annotations may include, but are not limited

into process capable text that is stored in memory;
generating a text image of the process capable text, the text
image being at least one of in a different font than the
pixilated text, of a larger font than the pixilated text, or
displayed in a different contrast than the pixilated text;
augmenting the original image using a processor With at

human language into a symbol recogniZed by a culture

may permit searching, permit presentation or printing of the
unmodi?ed original image, and so on. For example, an origi
nal image is annotated 408 With a process capable text so that
a user may search the text to ?nd a particular vacation picture

converting pixilated text, included in an original image,
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loon, an audio annotation, an image manipulation Warning, or
a highlighted portion.
7. The method as described in claim 1, Wherein the

enhanced image includes a process capable text overlay.
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8. The method as described in claim 1, Wherein process
capable text is Unicode text.
9. One or more computer-readable memory comprising

computer-executable instructions that, When executed by a
processor, direct a computing system to:

optically recognize text included in a captured image as

process capable text;
translate recognized process capable text from a ?rst lan
guage into a second language;
output the captured image With a text image of the second

language process capable text in place of the recogniZed
text, the text image being at least one of a larger font than
the recogniZed text, output in a higher contrast ratio than
the recogniZed text, or output in a text balloon overlaid

over the captured image.
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13. A system comprising:
an image capture device to obtain an image including origi
nal text that stores the original text in memory;
a text detection module to generate process capable text

corresponding to the original text; and
an output module to output an enhanced image including
the image With the original text replaced With a text

image of the process capable text, the text image being at
least one of a larger font than the original text, output in
a higher contrast ratio than the original text, or output in
a text balloon overlaid over the image.

14. The system as described in claim 13, further compris
ing a translation module to translate betWeen process capable
text in a ?rst language into process capable text in a second

language for output as the text image.
15. The system as described in claim 13, Wherein the
enhanced image is annotated With the Unicode text.

10. The one or more computer-readable memory as

16. The system as described in claim 13, Wherein the text

described in claim 9, further comprising annotating the output
image With the second language Unicode text.

detection module optically recogniZes text Within the image.
17. The system as described in claim 13, Wherein system is

11. The one or more computer-readable memory as 20 included in at least one of a camera, a cellular phone, a smart

described in claim 9, Wherein the text image is a bitmap.
12. The one or more computer-readable memory as

described in claim 9, Wherein a natural language translation
algorithm translates the ?rst language Unicode text.

phone, a video camera, a vehicle, or a Wearable item.

18. The system as described in claim 13, Wherein the text

image is a bitmap.

