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FIG. 1 is a How diagram generally outlining one embodi

COLORBLIND ACCESSIBLE IMAGE
SEARCH

ment of a process for re-ranking the results of a relevance

ranked image search to account for the accessibility of the
BACKGROUND

images to a colorblind person.

FIG. 2 is a How diagram generally outlining one embodi

Colors are Widely used in multimedia content to convey
visual information. However, around 5%-8% of men and
0.8% of Women have certain kinds of colorblindness, i.e.,

ment of a process for quantiZing a degree to Which color

information is lost When an image is perceived by a colorblind

person vieWing the image.

have dif?culty in discriminating certain color combinations

FIG. 3 is a block diagram illustrating a search environment
suitable for implementing the process of FIG. 1.
FIG. 4 is a diagram depicting a general purpose computing

and color differences.
Colors are perceived by a human With the cones of the eyes

absorbing photons and sending electrical signals to the brain.

device constituting an exemplary system for implementing
colorblind accessible image search technique embodiments

According to their peak sensitivity, these cones can be cat

egoriZed into Long (L), Middle (M) and Short (S), Which
absorb long Wavelengths, medium Wavelengths and short
Wavelengths, respectively. Consequently, light is perceived as
three members: (1, m, s) Where 1, m, and s represent the
amount of photons absorbed by L-, M- and S-cones, respec
tively. More formally, color stimulus (S1) for a light can be
computed as the integration over the Wavelengths 7»:
Si:f¢(7~)Z,-(7~)d7~,i:L,A/L&'
(1)

described herein.
DETAILED DESCRIPTION

In the folloWing description of colorblind accessible image
search technique embodiments reference is made to the
20

Where 4) stands for poWer spectral density of the light, 1L, 1M,
and 15 indicate L-, M- and S-cones.
Colorblindness, formally knoWn as color vision de?ciency,

stood that other embodiments may be utiliZed and structural

changes may be made Without departing from the scope of the

is caused by the de?ciency or lack of certain types of cones.
Those Who have only tWo types of cones are referred to as

accompanying draWings Which form a part hereof, and in
Which are shoWn, by Way of illustration, speci?c embodi
ments in Which the technique may be practiced. It is under

25

technique.

dichromats. There are three types of dichromats: namely pro

tanopes, deuteranopes, and tritanopes, Which indicate the
lack of L-cones, M-cones and S-cones, respectively. Protan
opes and deuteranopes have dif?culty in discriminating red
from green, Whereas tritanopes have dif?culty in discriminat
ing blue from yelloW. Most dichromats belong to either the
protanopia or deuteranopia types.

1.0 Colorblind Accessible Image Search Technique
Colorblind accessibility of an image for the purposes of the
30

colorblind accessible image search technique embodiments
described herein generally refers to the degree to Which an

image can be perceived by a colorblind individual. Generally,
the colorblind accessibility of an image involves tWo factors:

SUMMARY
35

Colorblind accessible image search technique embodi
ments described herein generally involve re-ranking the

embodiments described herein focus on the second factor. In

general, even high quality images can have loW accessibility

results of a relevance-ranked image search to account for the
accessibility of the images to a colorblind person. In one

embodiment, this is accomplished by ?rst computing a col
orblind accessibility quantity for each image of interest in the
search results. A colorblind accessibility quantity quantiZes

the quality of the original image and if signi?cant information
has lost in colorblind perception. Assuming a high quality
image, the colorblind accessible image search technique

40

due to the color information loss perceived by a colorblind
person. Thus, the results of a relevance-ranked electronic

database search (e.g., a Web search) for images Would likely
present images high up in the relevance rankings that Would

the degree to Which color information is preserved When an

not be readily perceptible to a color blind person. The color

image is perceived by a colorblind person vieWing the image.

blind accessible image search technique embodiments

In one implementation, it is computed by generating a color
blind version of an image that simulates hoW the image Would
appear to the colorblind person. An amount quantifying the
loss of color information betWeen the image and the color
blind version of the image is then estimated. This estimate is
then used to compute the colorblind accessibility quantity for

45

search results are made more accessible.

More particularly, referring to FIG. 1, in one embodiment,
the identi?cation and re-ranking is accomplished as folloWs.
50

the image. Once the colorblind accessibility quantities have
been computed, the image search results are re-ranked based
on these quantities.
It should be noted that this Summary is provided to intro
duce a selection of concepts, in a simpli?ed form, that are

First, a colorblind accessibility quantity is computed for each
image of interest in the search results (100). Then, the results
are re-ranked based on the computed colorblind accessibility

quantities (102). In the folloWing sections, Ways in Which the
colorblind accessibility quantity can be computed, as Well as
55

further described beloW in the Detailed Description. This
Summary is not intended to identify key features or essential
features of the claimed subject matter, nor is it intended to be
used as an aid in determining the scope of the claimed subject

different customiZable re-ranking techniques, Will be
described in more detail.

1.1 Colorblind Accessibility Quantity Computations
60

matter.

described herein identify and re-rank search results so that
they can be Well perceived by colorblind users. In this Way the

In general, computing the colorblind accessibility quantity
for an image involves quantiZing the degree to Which color
information is lost When an image is perceived by a colorblind

DESCRIPTION OF THE DRAWINGS

vieWer. In one embodiment, this is accomplished as illus

The speci?c features, aspects, and advantages of the dis
closure Will become better understood With regard to the

folloWing description, appended claims, and accompanying
draWings Where:

65

trated in FIG. 2, by ?rst generating a colorblind version of the
image Which simulates hoW the image Would appear to the
colorblind person (200). An amount quantifying the loss of
color information betWeen the image and the colorblind ver
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3

4

sion of the image is then estimated (202). This quantifying

are lost in the colorblind transformation. It is noted that in
tested embodiments, a Q of 4096 Was determined via empiri

amount is then used to compute the colorblind accessibility
quantity (204). In one implementation, the colorblind acces
sibility quantity is computed as one minus the quantifying

cal means and used successfully. HoWever, it is envisioned
that Q could range betWeen 1 and 16,777,216, depending on
the application. The Q parameter value can be prescribed. In
addition, in one implementation, the Q parameter value is
changeable and can be selected by the user.

amount.

In regard to generating a colorblind version of an image,
this can be done using any of the various existing techniques

In one embodiment, the tWo loss measurements are linearly

for simulating hoW a colorblind person Would vieW an image.

combined to produce the overall color information loss, e. g.,

It is noted that the technique employed Would be tailored to
produce a colorblind version of an image that corresponds to
the type of colorblindness the intended vieWer suffers from.
Once the colorblind version of an image is generated, it is
compared to the original image to compute the color infor
mation loss. In one embodiment, this is accomplished using
the folloWing tWo evaluation criteria: color distinguish-abil
ity loss and color entropy loss. The color distinguish-ability
loss (Lossl) is formulated as:

LOSS:OLLOSS1+(l—OL)LOSS2,

fully. HoWever, it is envisioned that 0t could range betWeen 0
and 1, depending on the application. The 0t parameter value
can be prescribed. In addition, in one implementation, the ot
parameter value is changeable and can be selected by the user.
Based on the overall color information loss measurement,
20

l "*1

n

(5)

Where 0t is a Weighting factor. In tested embodiments, an 0t of
0.5 Was determined via empirical means and used success

(2)

10551 = "72 Z um. cf) Am). mjnuz;

the aforementioned colorblind accessibility quantity of an
image is de?ned as:
Accessibility:l—Loss.

[:1 j:i+l

(6)

It is noted that While the use of a linear combination of the

Where n refers to the total number of pixels in each image

(Which is assumed to be the same), A(cl-, cj) indicates the

color distinguish-ability loss and color entropy loss measure
25

ments produces acceptable results, other options are avail
able. First, other knoWn combination methods could be
employed, rather that the above-described linear method. In
addition, depending on the application, using just the color
distinguish-ability loss measurement or just the color entropy

30

loss measurement to represent the overall color information
loss, rather than a combination of the tWo, could produce

difference betWeen the colors of pixels cl- and cj at pixel loca
tions i and j, and A(J'|§(Cl-),J'|§(Cj)) indicates the difference
betWeen the simulated colors of the pixels of the colorblind

image rc(cl-) and rc(cj) at pixel locations i and j. In effect, Eq.
(2) measures if the difference betWeen color pairs has been
preserved in the colorblind image. In one embodiment, the
CIE94 color difference method is adopted for the purposes of

acceptable results With less processing costs.

computing the forgoing pixel color differences. This method

It is also noted that the colorblind accessibility quantity can

computes a Weighted Euclidean distance in LCH (luminance,
chroma, hue) color space. HoWever, other color difference
computation methods could be employed instead, as desired.
For the sake of computational e?iciency, in one implemen
tation of the color distinguish-ability loss computation, the
RGB color space of the image and the colorblind version of

be computed in advance of a search and associated With an

the image are equally quantiZed into Q bins. Thus, Eq. (2)

35

image. It is also envisioned that multiple colorblind accessi
bility quantities could be computed for and associated With an
image in advance of a search. Each of these colorblind acces

sibility quantities associated With an image Would correspond
to a different type of colorblindness. In this Way, the color
40

becomes:

blind accessibility quantity needed to re-rank the results
Would already be available for at least some images in the
search results, and so Would not have to be computed after the
search.

1941 Q

(3)

10551 = "72 Z "mi-“Mei. Clo-Mm». Incl-nu?

45

1.2 Re-Ranking Search Results

Once the colorblind accessibility quantity is computed, the
image search results can be re-ranked based on the accessi
bility. This can be accomplished in a number of Ways. For

Where n1. refers to the number of pixels that belong to the i-th

bin, nj refers to the number of pixels that belong to the j -th bin,
A(cl., cj) indicates the difference betWeen the quantiZed colors
cl- and cj in bins i and j associated With the image, and A(J'IZ(CZ-),
rc(c1)) indicates the difference betWeen the quantiZed simu
lated colors rc(cl-) and rc(cj) in bins i and j associated With the
colorblind version of the image.
The other evaluation criteria, namely the color entropy loss
(Loss2) is computed as:

50

example, in one embodiment, the re-ranking is accomplished
by ordering the images discovered in the original relevance
ranked search by their colorblind accessibility quantity val
ues in descending order.
It is also possible to combine the relevance scores for

55

original ranking and the accessibility values to accomplish
the re-ranking. For example, in one embodiment, a linear
combination approach is used as folloWs:

(4)
60

(1—[5)Accessibility

(7)

Where NeWRankScore is the score for reranking, Relevance
Score is the score that Was produced in the original ranking

list, Accessibility is the colorblind accessibility quantity, and
[3 is a Weighting factor. It is envisioned that [3 can range
65

Where ni' represents the pixels that belong to the i-th bin in the
colorblind image. In effect, Eq. (4) measures if many colors

betWeen 0 and 1, depending on the application. Additionally,
it is envisioned that other knoWn combination methods could
be employed, in lieu of the above-described linear method.

US 8,412,694 B2
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After obtaining NeWRankScore, the images can be re-ranked

user might specify certain parameters (e.g., 0t, [3, Q). This can
also be accomplished using the user customiZation module
310. It is also possible for the type of colorblindness desig

With the scores in descending order.
It is also noted that not all the images found in the original
search results have to be re-ranked. Instead, for example, the

nation mentioned previously to be input via the user customi
Zation module 310, rather than separately as shoWn in FIG. 3.
In the embodiment depicted in FIG. 3, the search module
302 plays the role of a central processing node. HoWever, in

top K ranked images in the original search results could be
selected for re-ranking, With the rest either being deleted in
the re-ranked results or appended to the end of the re-ranked

results and ordered according to their original relevance

alternate embodiments, one or more of the individual pro

based ranking.

cessing modules could act independently and provide their

It is further noted that the foregoing [3 and Kparameters can
be prescribed, and in one implementation, these parameters

output to the module or modules requiring it as input. Addi

tionally, in the depicted embodiment, the user selection data is
input from the customiZation module 310 to the search mod
ule 302, With the search module providing the data to the
appropriate processing module. HoWever, in an alternate

are changeable and can be selected by the user. In another

implementation, the user also has the choice of re-ranking the

original search results using just the colorblind accessibility
quantities, or the aforementioned combination of the rel
evance rankings and ranking based on the colorblind acces

embodiment the user customiZation module 310 provides the

selection data directly to the appropriate processing module.

sibility quantities.

For implementing those portions of the colorblind acces

2.0 The Search and Computing Environment
20

sible image search technique embodiments described herein
involving computations and processing, a suitable computing

A general description of a suitable search environment in

environment Will noW be described. The technique embodi

Which the colorblind accessible image search technique

ments are operational With numerous general purpose or spe

embodiments described herein may be implemented Will noW

cial purpose computing system environments or con?gura
tions. Examples of Well knoWn computing systems,
environments, and/or con?gurations that may be suitable

be described, folloWed by a brief general description of a
suitable computing environment in Which the computing por
tions of the technique embodiments may be implemented.
Referring to FIG. 3, in one embodiment, the search envi

25

include, but are not limited to, personal computers, server

ronment includes an image database 300 Which stores a

searchable collection of images. It is noted that While a single
database is shoWn, this can also be multiple databases that are
in communication With each other. A search module 302 is

30

that include any of the above systems or devices, and the like.
FIG. 4 illustrates an example of a suitable computing sys

used to process a user-generated image search request. This
entails ?nding images matching the user’s search criteria to
some degree in the database and ranking them by their rel
evance to the criteria. The search module 302 obtains the

computers, hand-held or laptop devices, multiprocessor sys
tems, microprocessor-based systems, set top boxes, program
mable consumer electronics, netWork PCs, minicomputers,
mainframe computers, distributed computing environments
tem environment. The computing system environment is only

35

one example of a suitable computing environment and is not
intended to suggest any limitation as to the scope of use or

images discovered in the search from the database 300. In

addition to handling the user-generated image search request,

functionality of colorblind accessible image search technique

the search module 302 also inputs a designation of the type of

embodiments described herein. Neither should the comput
ing environment be interpreted as having any dependency or

colorblindness the user suffers from. Based on this designa

tion, the search module 302 employs a colorblind image
generation module 304 to generate colorblind versions of the
images discovered in the search. The search module 302 then
employs a colorblind accessibility module 306 to compute

40

requirement relating to any one or combination of compo

nents illustrated in the exemplary operating environment.
With reference to FIG. 4, an exemplary system for imple
menting the embodiments described herein includes a com

the previously described colorblind accessibility quantity for

puting device, such as computing device 10. In its most basic

images in the search results based on the associated color
blind versions of the images. It is noted that the colorblind
image versions and the colorblind accessibility quantities can
be computed for all the images found in the search, or some
prescribed or user-speci?ed number of the top-ranked results

45

(as described previously).

50

con?guration, computing device 10 typically includes at least
one processing unit 12 and memory 14. Depending on the

exact con?guration and type of computing device, memory
14 may be volatile (such as RAM), non-volatile (such as
ROM, ?ash memory, etc.) or some combination of the tWo.

55

This most basic con?guration is illustrated in FIG. 4 by
dashed line 16. Additionally, device 10 may also have addi
tional features/ functionality. For example, device 10 may also
include additional storage (removable and/ or non-removable)
including, but not limited to, magnetic or optical disks or tape.
Such additional storage is illustrated in FIG. 4 by removable

options. In regard to the user selection, if this implementation

storage 18 and non-removable storage 20. Computer storage

is employed a user customiZation module 310 is included to

60

media includes volatile and nonvolatile, removable and non
removable media implemented in any method or technology
for storage of information such as computer readable instruc
tions, data structures, program modules or other data.

The search module 302 then employs a re-ranking module
308 to re-rank the search results based on the computed

colorblind accessibility quantities, and provide the re-ranked
results to the user. As described previously, this canbe accom
plished in a number of Ways, and can involve user-selected

provide the selection data. The optional nature of the user
customiZation module 310 is indicated in FIG. 3 by the use of
a broken line box. As described previously, the user might

designate that only a certain number of the top rank images

Memory 14, removable storage 18 and non-removable stor
age 20 are all examples of computer storage media. Computer
storage media includes, but is not limited to, RAM, ROM,
EEPROM, ?ash memory or other memory technology, CD

found in the relevance-based search results are to be

re-ranked. The user might also have the option to designate
Whether the re-ranking Will be based on just the colorblind
accessibility quantities, or a combination of the relevance
rankings and the rankings derived from the colorblind acces
sibility quantities. Still further as described previously, the

65

ROM, digital versatile disks (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices, or any other medium Which

US 8,412,694 B2
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de?ning the colorblind accessibility quantity for an image

can be used to store the desired information and Which can

accessed by device 10. Any such computer storage media may

as one minus the estimated fraction of the loss of color

information.
3. The process of claim 1, Wherein the process action of
re-ranking the images of interest in the search results based at

be part of device 10.
Device 10 may also contain communications connec

tion(s) 22 that alloW the device to communicate With other
devices. Device 10 may also have input device(s) 24 such as

least in part on the computed colorblind accessibility quanti
ties, comprises an action of ordering the images of the search

keyboard, mouse, pen, voice input device, touch input device,

results by their associated colorblind accessibility quantity

camera, etc. Output device(s) 26 such as a display, speakers,
printer, etc. may also be included. All these devices are Well
knoWn in the art and need not be discussed at length here.

values in descending order.
4. The process of claim 1, Wherein the process action of
re-ranking the images of interest in the search results based at
least in part on the computed colorblind accessibility quanti

The colorblind accessible image search technique embodi
ments described herein may be further described in the gen
eral context of computer-executable instructions, such as pro

ties, comprises the actions of:
identifying a number of the top ranked images in the image

gram modules, being executed by a computing device.
Generally, program modules include routines, programs,
objects, components, data structures, etc. that perform par
ticular tasks or implement particular abstract data types. The
embodiments described herein may also be practiced in dis
tributed computing environments Where tasks are performed

search results, Wherein the number is less than all the

images; and
ordering the identi?ed images of the search results by their
associated colorblind accessibility quantity values in

descending order.
20

by remote processing devices that are linked through a com
munications netWork. In a distributed computing environ
ment, program modules may be located in both local and

ranked images is user-speci?ed.
6. The process of claim 1, Wherein the process action of
re-ranking the images of interest in the search results based at
least in part on the computed colorblind accessibility quanti

remote computer storage media including memory storage
devices.

5. The process of claim 4, Wherein the number of top

25

3.0 Other Embodiments

ties, comprises the actions of:
ranking the images of the search results by their associated

colorblind accessibility quantity values; and
ordering the images of the search results in descending

It is noted that any or all of the aforementioned embodi

ments throughout the description may be used in any combi
nation desired to form additional hybrid embodiments. In
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addition, although the subject matter has been described in
language speci?c to structural features and/or methodologi
cal acts, it is to be understood that the subject matter de?ned
in the appended claims is not necessarily limited to the spe
ci?c features or acts described above. Rather, the speci?c

order based on a combined ranking score of each image,
Wherein the combined ranking score of an image is a
combination of a relevance score of the image and the

colorblind accessibility quantity of that image.
35

7. The process of claim 6, Wherein said combination of the
relevance score of the image and the colorblind accessibility
quantity of that image is as a Weighted linear combination

computed using the equation NeWRankScore:[3 Relevanc

features and acts described above are disclosed as example

eScore+(l-[3) Accessibility, Wherein NeWRankScore is the

forms of implementing the claims.

combined ranking score, RelevanceScore is a relevance score

based on Which an original search ranking list Was generated,

Wherefore, What is claimed is:
1. A computer-implemented process for re-ranking the
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a Weighting factor.
8. The process of claim 6, Wherein the process of ordering
the images of the search results in descending order based on

results of a relevance-ranked image search to account for the

accessibility of the images to a colorblind person, comprising
using a computer to perform the folloWing process actions:
inputting a designation of the type of colorblindness the
colorblind person suffers from;
obtaining results of a relevance-ranked image search;
generating colorblind versions of images discovered in the
search, said colorblind versions simulating hoW the
associated images Would appear to a person suffering
from said type of colorblindness the colorblind person

the combined ranking score of each image is performed
45
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search results, Wherein the number is less than all the
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accessibility quantity quantifying the degree to Which

and the colorblind accessibility quantity of that image.
60

quantities.

image; and

10. The process of claim 9, Wherein the number of top

ranked images is user-speci?ed.
11. A system for re-ranking the results of a relevance
ranked image search to account for the accessibility of the
images to a colorblind user, comprising:

computing a colorblind accessibility quantity for each image
betWeen the image and a colorblind version of the

ranking the identi?ed images of the search results by their
associated colorblind accessibility quantity values; and
ordering the identi?ed images of the search results in
descending order based on a combined ranking score of
each image, Wherein the combined ranking score of an
image is a combination of a relevance score of the image

2. The process of claim 1, Wherein the process action of

of interest in the search results, comprises the actions of:
estimating the fraction of the loss of color information

ties, comprises the actions of:
identifying a number of the top ranked images in the image

images;

image of interest in the search results based on the asso

color information is preserved When an image is per
ceived by a colorblind person vieWing the image; and
re-ranking the images of interest in the search results based
at least in part on the computed colorblind accessibility

Whenever it is speci?ed by a user.
9. The process of claim 1, Wherein the process action of

re-ranking the images of interest in the search results based at
least in part on the computed colorblind accessibility quanti

suffers from;
computing a colorblind accessibility quantity for each
ciated colorblind versions of the images, said colorblind

Accessibility is the colorblind accessibility quantity, and [3 is
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a general purpose computing device;
one or more image databases Which are in communication

With the computing device; and
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a computer program comprising program modules execut

able by the computing device, Wherein the computing
device is directed by the program modules of the com

puter program to,
input a designation of the type of colorblindness the user 5

suffers from,
input results of a relevance-ranked image search,
generate colorblind versions of images discovered in the
search, said colorblind versions simulating hoW the
associated images Would appear to a person suffering 10

from the designated the type of colorblindness,
compute a colorblind accessibility quantity for each
images of interest in the search results based on the
associated colorblind versions of the images, said col

orblind accessibility quantity quantifying the degree 15
to Which color information is preserved When an

image is perceived by a colorblind person vieWing the

image,
re-rank the images of interest in the search results based
on a combination of the relevance rankings and rank- 20

ings derived from the colorblind accessibility quanti
ties, and
provide the re-ranked results to the user.

