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DETECTING EXPOSURE QUALITY IN IMAGES

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. Non-Provisional Patent Application
No. 13/691,718, filed on November 30, 2012, which is hereby incorporated by reference in

its entirety.

BACKGROUND

[0002] Computers and mobile devices are often equipped with cameras that permit users to
acquire digital images. The digital images can be acquired in various settings including

ambient light of varying levels and therefore may be underexposed or overexposed. When
attempting to automatically curate and/or correct images, it may be helpful to use exposure

quality as a signal of overall image quality.

SUMMARY

[0003] Some implementations relate generally to image processing, and, more particularly, to
detecting exposure quality in images.

[0004] Some implementations can include a method comprising computing an overall image
exposure score for an image, where the overall exposure score is based on a clipped pixel
score and a tonal distribution score. The method can also include determining one or more
face regions in the image.

[0005] The method can further include computing a face region exposure score for each face
region, where the face region exposure score includes a clipped pixel score and a face region
tonal distribution score. The method can also include adjusting the overall image exposure
score and each face region exposure score according to a penalty value.

[0006] The method can further include combining the overall image exposure score and each
face region exposure score to generate an exposure quality score for the image and applying
one or more of an overall exposure correction and an independent correction for each face
region.

[0007] Some implementations can include a method comprising computing an overall image
exposure score for an image and determining one or more face regions in the image. The
method can also include computing a face region exposure score for each face region and
combining the overall image exposure score and each face region exposure score to generate

an exposure quality score for the image.
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[0008] The overall image exposure score can include a clipped pixel score and a tonal
distribution score based on a histogram of the image. Each face region exposure score can
include a clipped pixel score and a face region tonal distribution score based on a histogram
of the image. The face region tonal distribution score can include a determination of a
distance of each of a median histogram value and a mean histogram value from a
predetermined histogram section. The clipped pixel score can be computed for each color
channel of a plurality of color channels.

[0009] The method can also include adjusting the overall image exposure score according to
a penalty value when a zone value for each color channel exceeds a predetermined threshold
and adjusting each face region exposure score according to the penalty value when a zone
value for each color channel exceeds a predetermined threshold. The method can further
include applying one or more of an overall exposure correction and an independent correction
for each face region. The method can also include automatically curating the image based on
the exposure quality score for the image.

[0010] Some implementations can include a system having one or more computers
configured to perform operations. The operations can include computing an overall image
exposure score for an image. The operations can also include determining one or more face
regions in the image. The operations can further include computing a face region exposure
score for each face region and combining the overall image exposure score and each face
region exposure score to generate an exposure quality score for the image.

[0011] The overall image exposure score can include a clipped pixel score and a tonal
distribution score based on a histogram of the image. Each face region exposure score can
include a clipped pixel score and a face region tonal distribution score based on a histogram
of the image. The face region tonal distribution score can include a determination of a
distance of each of a median histogram value and a mean histogram value from a
predetermined histogram section. The clipped pixel score is computed for each color channel
of a plurality of color channels.

[0012] The operations can also include adjusting the overall image exposure score according
to a penalty value when a zone value for each color channel exceeds a predetermined
threshold and adjusting each face region exposure score according to the penalty value when
a zone value for each color channel exceeds a predetermined threshold. The operations can
further include applying one or more of an overall exposure correction and an independent
correction for each face region. The operations can also include automatically curating the

image based on the exposure quality score for the image.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a diagram of an example exposure quality detection system in accordance
with some implementations.

[0014] FIG. 2 is a flow chart of an example method for detecting exposure quality in images
in accordance with some implementations.

[0015] FIG. 3 is a flow chart of an example method for detecting exposure quality in images
in accordance with some implementations.

[0016] FIG. 4 is a diagram of an example exposure quality detection computing device in

accordance with some implementations.

DETAILED DESCRIPTION

[0017] As shown in FIG. 1, an exposure quality detection system environment can include an
exposure quality detector 102 adapted to receive and process one or more images (104 —
108).

[0018] In operation, the exposure quality detector 102 receives one or more images (104 —
108) and automatically determines an exposure quality associated with each image. The
exposure quality information can be provided as an output signal 110 and/or stored in a data
storage system along with or associated with a corresponding image. The exposure quality
signal(s) 110 can be provided to an automatic curation system 112 and/or an exposure auto-
correction system 114. The automatic curation system 112 can help a user curate (or select)
photos.

[0019] The exposure quality detector 102 can be part of an image processing system (e.g.,
photo management software). The detector 102 can be adapted to operate on a desktop
computer, a laptop computer or a mobile device (e.g., smartphone, tablet or the like).

[0020] FIG. 2 is a flow chart of an example method 200 for detecting exposure quality in
accordance with some implementations. Processing begins at 202, where an overall image
exposure score is computed. For example, the exposure quality detector 102 can compute an
overall exposure quality score. Details of computing an exposure quality score as discussed
below in connection with FIG. 3. Processing continues to 204.

[0021] At 204, regions of the image containing human faces are determined. Determining
regions containing (or possibly containing) faces can be accomplished using one or more

facial detection systems. Processing continues to 206.
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[0022] At 206, an image exposure score is computed for each face region in the image. The
image exposure score for a face region can be determined using a different technique than
that used for an overall image exposure score, as discussed below in connection with FIG. 3.
Processing continues to 208.

[0023] At 208, the overall image exposure score and the face regions image exposure
score(s) are combined. The combining of the scores can vary depending on the purpose of
the exposure quality detection. For example, for auto-curation purposes, a system may
emphasize (or use) the lowest score as an indicator, which could mean for instance that an
image with a very dark background and well exposed faces would not be reported as being
under exposed. For auto-correction tasks, the individual exposure scores could be used
independently correct local regions containing faces based on the corresponding exposure
quality score. The system can select the overall image exposure score, one or more face
regions scores, or a combination of the above as an indicator. Processing continues to 210.
[0024] At 210 the overall image exposure score, one or more face region scores and/or a
combined score can be provided as output for downstream processing or as input to another
system. Processing continues to 212.

[0025] At 212, an overall exposure correction is optionally performed. The overall
correction can be based on the overall image exposure score. For example, a curve could be
applied to the histogram of the image in order to correct an exposure problem determined by
the system. Processing continues to 214.

[0026] At 214, an exposure correction is optionally applied independently to each face
region. The overall correction can be based on the overall image exposure score. For
example, a curve could be applied to the histogram of the face region of the image in order to
correct an exposure problem determined by the system at that region. It will be appreciated
that 202 — 214 can be repeated in whole or in part in order to accomplish a contemplated
image exposure quality detection task.

[0027] FIG. 3 is a flow chart of an example image exposure quality detection method in
accordance with some implementations. Processing begins at 302, where a histogram of an
image is obtained. The histogram can be obtained from another system or module, or can be
calculated directly from the image. Processing continues to 304.

[0028] At 304, a clipped pixel score is computed. Clipped pixels are those pixels that have a
value of 0 or 255 (or which otherwise represent the lowest and the highest values). The

clipped pixel score is determined for each color channel as follows: (14¢)* (for the highlight
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pixels, e.g. 255) and —(1+(:)2 (for shadow pixels, or those with a 0 value). Processing
continues to 306.

[0029] At 306, a tonal distribution score is computed. The histogram obtained at 302 can be
used. The histogram is compacted (or reduced) to 11 zones (e.g., Zones 0 to 10). Then, the
median and mean of the histogram are determined. The tonal distribution score is computed
by determining a distance (d;) of Zone 0 to the median/max zone and a distance (d,) from
Zone 10 to the median/max zone and summing squares of the two scores.

[0030] When computing the tonal distribution score on a face region, median and mean
values too far away from Zone 6 (e.g., a zone associated with human skin) are punished (or
deemphasized). Also, when computing the tonal distribution score for a face region, the color
channels can be weighted unevenly to emphasize the red channel, which is associated with
human skin.

[0031] In an image having one or more face regions, the face exposure quality score can be
weighted based on the area of the face region(s). For example, in an image in which 3 faces
are detected (e.g., f1, £2 and {3), the system computes the area of each face region (e.g., al,
a2 and a3, respectively). The area of each face can be clamped to a maximum area (e.g., 25%
of total area) in order to help make the exposure scoring more reliable in images having small
faces in the background. The face score can then be weighted according to the area, for
example face_score = (f1*al + f2*a2 + f3*a3) / (al+a2+a3). Processing continues to 308.
[0032] At 308, a penalty is applied when all three color channels have maximum zone values
that are either 9 or 1. The penalty is applied by t= t* where t is the current tonal distribution
score.

[0033] FIG. 4 is a diagram of an example computing device 400 that can be used to detect
exposure quality in images in accordance with some implementations. The computing device
400 includes a processor 402, operating system 404, memory 406 and /O interface 408. The
memory 406 can include an exposure quality detector 410 and one or more exposure
correction curves 412.

[0034] In operation, the processor 402 may execute the exposure quality detector application
410 stored in the memory 406. The exposure quality detector 410 can include software
instructions that, when executed by the processor, cause the processor to perform operations
for exposure quality detection in accordance with the present disclosure (e.g., the exposure
quality detector 410 can perform one or more of steps 202-214 and/or 302-308 described
above and, in conjunction, can access the correction curves 412). The exposure quality

detector 410 can also operate in conjunction with the operating system 404.
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[0035] The exposure quality detector computing device (e.g., 102 and/or 400) can include,
but is not limited to, a single processor system, a multi-processor system (co-located or
distributed), a cloud computing system, or a combination of the above.

[0036] The client (or user) device can include, but is not limited to, a desktop computer, a
laptop computer, a portable computer, a tablet computing device, a smartphone, a feature
phone, a personal digital assistant, a media player, an electronic book reader, an entertainment
system of a vehicle or the like.

[0037] The user devices can be connected to an exposure quality detection system via a
network. The network connecting user devices to an exposure quality detection system can
be a wired or wireless network, and can include, but is not limited to, a WiF1 network, a local
area network, a wide area network, the Internet, or a combination of the above.

[0038] The data storage, memory and/or computer readable medium can be a magnetic
storage device (hard disk drive or the like), optical storage device (CD, DVD or the like),
electronic storage device (RAM, ROM, flash, or the like). The software instructions can also
be contained in, and provided as, an electronic signal, for example in the form of software as
a service (SaaS) delivered from a server (e.g., a distributed system and/or a cloud computing
system).

[0039] Moreover, some implementations of the disclosed method, system, and computer
readable media can be implemented in software (e.g., as a computer program product and/or
computer readable media having stored instructions for detecting exposure quality in images
as described herein). The stored software instructions can be executed on a programmed
general purpose computer, a special purpose computer, a microprocessor, or the like.

[0040] It is, therefore, apparent that there is provided, in accordance with the various
example implementations disclosed herein, systems, methods and computer readable media
for detecting exposure quality in images.

[0041] While the disclosed subject matter has been described in conjunction with a number
of implementations, it is evident that many alternatives, modifications and variations would
be or are apparent to those of ordinary skill in the applicable arts. Accordingly, Applicant
intends to embrace all such alternatives, modifications, equivalents and variations that are

within the spirit and scope of the disclosed subject matter.
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CLAIMS

What is claimed is:

1. A method comprising:

computing an overall image exposure score for an image, the overall exposure score
being based on a clipped pixel score and a tonal distribution score;

determining one or more face regions in the image;

computing a face region exposure score for each face region, the face region exposure
score including a clipped pixel score and a face region tonal distribution score;

adjusting the overall image exposure score and each face region exposure score
according to a penalty value;

combining the overall image exposure score and each face region exposure score to
generate an exposure quality score for the image; and

applying one or more of an overall exposure correction and an independent correction

for each face region.

2. A method comprising:
computing an overall image exposure score for an image;
determining one or more face regions in the image;
computing a face region exposure score for each face region; and
combining the overall image exposure score and each face region exposure score to

generate an exposure quality score for the image.

3. The method of claim 2, wherein the overall image exposure score includes a clipped pixel

score and a tonal distribution score based on a histogram of the image.

4. The method of claim 2, wherein each face region exposure score includes a clipped pixel

score and a face region tonal distribution score based on a histogram of the image.

5. The method of claim 4, wherein the face region tonal distribution score includes a
determination of a distance of each of a median histogram value and a mean histogram value

from a predetermined histogram section.
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6. The method of claim 2, wherein the clipped pixel score is computed for each color channel

of a plurality of color channels.

7. The method of claim 6, further comprising adjusting the overall image exposure score
according to a penalty value when a zone value for each color channel exceeds a
predetermined threshold and adjusting each face region exposure score according to the

penalty value when a zone value for each color channel exceeds a predetermined threshold.

8. The method of claim 2, further comprising applying one or more of an overall exposure

correction and an independent correction for each face region.

9. The method of claim 2, further comprising automatically curating the image based on the

exposure quality score for the image.

10. A system comprising one or more computers configured to perform operations including:
computing an overall image exposure score for an image;
determining one or more face regions in the image;
computing a face region exposure score for each face region; and
combining the overall image exposure score and each face region exposure score to

generate an exposure quality score for the image.

11. The system of claim 10, wherein the overall image exposure score includes a clipped

pixel score and a tonal distribution score based on a histogram of the image.

12. The system of claim 10, wherein each face region exposure score includes a clipped pixel

score and a face region tonal distribution score based on a histogram of the image.

13. The system of claim 12, wherein the face region tonal distribution score includes a
determination of a distance of each of a median histogram value and a mean histogram value

from a predetermined histogram section.

14. The system of claim 10, wherein the clipped pixel score is computed for each color

channel of a plurality of color channels.
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15. The system of claim 14, further comprising adjusting the overall image exposure score
according to a penalty value when a zone value for each color channel exceeds a
predetermined threshold and adjusting each face region exposure score according to the

penalty value when a zone value for each color channel exceeds a predetermined threshold.

16. The system of claim 10, further comprising applying one or more of an overall exposure

correction and an independent correction for each face region.

17. The system of claim 10, further comprising automatically curating the image based on the

exposure quality score for the image.
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